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PRESIDENTS 


MESSAGE 


HIGHLIGHTS OF THE YEAR 


By Howard P. kimerson 


space work of the this beeen veur 
yrowth 
New Members (Based on records tor tirst LO months of 


the vear) 


bellow. 
Senter 

ANthliate- 


New Cuapters 


Phese TS new chapters show a and 


chapters 


ate 


miterest oe whieh augurs well tor the future 
of our organization. The new chapters are seattered 


the 


Chapter Visit- 

chapters, fiver cob three chuapters 
were Visited by the President. visit< were 
by other offteer the 
Two ot the Presidents visited every one of the ehap 
ters on them regions. regions bad speenl meetings of 
all chapter presidents (others bevel betes 


Moy June, 1957 


Regional Mectings~ 


Some of the regronal conmterences were ot the ealther ol 
past national meetings terms of speakers and progratus 


Regional meetings were held, as tollows: 


Meeting 

New York 

belbruary, 


Regional Conterence 


‘Tennessee 


€ © 
St Mes 
Pucthe Neorthwest Seutthe 


bLngineers Joint Couneil 


participated this vear as an 
represented at Directors’ meetings and the 
Conference in New York om January, 1057. Through the 
alse acted as co-sponsor of the L957 Naelens 
Congress tn Philadelphia Mareh 

The Executive Committee 
parthopation with other engimeerug groups the 
Nuclear Congress on the basis of 
isotopes. utilization of Valuable wastes, and satety 
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Board of Trustees 


At tts October, 1956, meeting the Board approved the 
budget tor 1000 (Oetober to October a revised 
organization tor tneorporating the new position of 
Vice-President, publication of a book: and an ad hee 
tor Operations to mivestigate the 
problem of definition and status of Industrial 
in the Civil Service and the Armed Forces. In January, 
1957, the Board appomted Floyd Tither as Vice-President 
lor the rest of the vear to Miayv DS. Other aetions of the 


Bourd appear under respective reports below 


baeccutive Committeer 


An mmovation was toed of having some of the monthly 
ol the baeccutive Commuttee outside of Columba 
(One Was held in New York in January to review plans to: 
the 1057 Conlerence and Convention and second on 
Knoxville, Tennessee, in bebruary in connection wath the 


\nnunal Southeast Regnonal Conterence 


baeccutive Secretary 

The January February JIW57, of the Journal con 
famed an article on the work of the Executive Secretary 
As the vear ended, deetsion 
tive Secretary. Seo as been accomplished over the 
veurs by voluntary effort that rensonable to 
that this step will itt toa higher plateau ot activity 


ent 
‘ 


Treasurer 


An bapense Planning procedure was set up during the 
veur, with provision tor review ol the 
by the Board of Trustee. 

lor ocush reserve recommenced boy thee 


approved bey thre ol | 


PRESIDENTIAL COMMIPEEES 


over the vears showed trumtion in the relationships teow 
enjoved with the Council A pout meeting 
nt the National Conmterence with ORS A 
(Operntions Research Socety of Ameren) and TIMES 
(The Institute of Management Senenece) a 

stitutional adding a birst View President led 
to the reorganization deserbed in the Mareh April, 
mane of the Journal A new organization chart and mints 
were prepared with job descriptions tor every jyoboor he 
chart 

Pruddications coordination is the 
business After thorough review, approval was 
on and Bases of Time Standards” by Tlarold 
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bility to make available research studies to keep students 
and plant men informed, even though results may be pre 
liminary or of specialized interest 

Long Rang Planning The annual symposium to guide 
long range thinking about the prolesston Wits held this 
vear at Purdue University. The new definition of Tndust rial 
Engineering developed ina previous Was care 
fully reviewed, re-approved, and its growing acceptance 
Stutements were developed explaining liclustrial 
and its new definition to top-management, the 
worker, student, and tian-on-the- street 

Specral Surveys \ survey: Was made of members of 
ALTE. Members of AIDE are relatively voung: the largest 
yroup isin production doing methods and tine study work 
the next largest group is in top administration. Every 
classifiention in the census uses midustrial engi 
neers. Results of the survey will be published from tine 
to time on the Journal 

Journal of Industrial During 
articles were published to keep members up-to-date ina 
yrowing profession. Each issue now runs LO pages larger 
than last The press run tor ps now excess 


al SOO COPE 


DIRECTORS 


Programs was sued prac 
tien! sugyvestions for running chapter programs, with 
ratings of speakers 

(haples hor pansion chapters THU ML LOT 
to Miareh 1057. The for organizing new 
chapters was expanded and re-issued 

Committees were set up covering 
fields of mterest. Them to 
Leep abreast of developments in these fields and stimulate 
reseurebh them. Plarold Davidson's book was published 
research monograph. A proposal for time study filmes 
Wits rey 

bunctional Committees the Membership 
cntions Committee, continued to be the hardest working 
committee in the organization. applieations were re 
viewed on the first TO months. As an extra assigiment the 
committee made a report and making recom 
mendations on the status of affiliates, The Executive Com 
mittee and Board of Trustees reaffirmed previous decision 
voting members must pay thea fall share of dues. Assoct 
ate members are subsidized for the first five vears, becutse 
them are recent with lower but 
hos provision does not eaver affiliates. A new committee 
Opportunitie. Service Was set up to aet as a clearing 
house for jobs in the field of Todustrial 

The comnmuttee on Lesolutions and Awards assembled 
dataion candidates tor new Fellows of ATT. New pins and 
plagues were chosen 

Membership With an inerense in dues taking plirce on 


1056 loss of membership was expected. The loss was les. 
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than the per cent attrition expert 
enced annually by similar professional 
socteties. Quotas forazanembership expan- 
were established 

National Mectings 
help organize national and regional con- 


\ new manual to 


ferences and conventions Was approved 


and during the vear 


Public Relations Recommendations 
were made. Local chapters were con 
taucted. A film of Industral Mogineermg 


asa Career isin the development stage. 

Sludent (ha ple rs The poley to 
nize student chapters as such only in in 
stitutions having aceredited curricula or 
options Tndustrial was re 
examined by the kxecutive Committee 
and re-affirmed. Oi this basis one new 
chapter was added, at lowa State College 

luternational lations ‘This 
tee has undertaken the formulation of an 
poltev on) International chapters 
snd aetivities 

Terminology \ commuttee to formu 
late and keep up to date definitions of 
lndustoal terms was re 


Available from 
AIIE HEADQUARTERS 


PROCEEDINGS OF THE 
EIGHTH ANNUAL CONFERENCE 
16 named 17. New York, New York 


Now tember Sooo 


FUNCTIONS AND BASES 
OF TIME STANDARDS 


Vise] 


order from 


American Institute of 


industrial Engineers, Inc. 


May June, 1957 


IB M has exceptional opportunities 


for plant and industrial engineers at ANY ONE 


of these 5 plant and laboratory locations: 


LEXINGTON, KY. 
ROCHESTER, MINN. 
ENDICOTT, N.Y. 
OWEGO, N.Y. 

VORK TOWN, N.Y. 


IBM’s unprecedented growth has 
necessitated the construction of 
these five new installations. Mod- 
ern and functional in every way, 
all plants are equipped with su- 
working facilities. Each geo- 
vraphical location contains 
distinet advantages all its own 

and IBM will do its utmost to 
place you wherever you desire, 
In addition to top-notch salaries 
and advancement based on merit, 
IBM employees enjoy unusually 
generous lite tmsurance, hospi- 


tslization, and retirement plans. 


Asan M. E. in Plant Engineer- 
ing, sou design and modify facil- 
ities to meet the demands of new 
products and manulacturing 
techniques. Assignments melude 
the fields of air condithommg, re- 


friveration, heating, ventilating, 


industrial exhaust, process water 


and other mechanical services. 


As an E. E. in Plant Engineer- 
ing, you re responsible lor the 
planning and of 
coming high-voltage power sys- 
tems with substations and 
switching stations. When the need 
arises, vou engmecr and tostall 
puble address systems, tratns- 
lormers, rectiters, closed 
PN, and power service tor the 
electron 
and machinery 

As an Industrial Engineer, \..:: 
work at the very nerve center of 
IBM Manufacturing. nder 
supervision are such duties as 
plant Layout, materials handling 
and packaging, 
research and planning, and cost 


RELOCATION EXPENSES PAID IN FULL 


Why not act today’ Write, outhmog the details 


of your background and interests, to: 


K. A. Whitehorne, Dept, 12505 


International Business Machines Can poration 


IBM 


DATA PROCESSING * 


\wenue, New York 22, N.Y 


INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 


ELECTRIC TYPEWRITERS 


MILITARY PRODUCTS * SPECIAL ENGINEERING PRODUCTS + TIME EQUIPMENT 
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Incentive Wage Practice for Restricted Work 


By Dr. John C. Scheib, Jr. 


Very often the published descriptive literature has ap- 
proached the analysis of wage incentives as though the sy-- 
tems were to be apphed only to productive efforts of men 
perlorming completely unrestricted manual work Le. 
manual work unrestricted by the necessary accompani- 
ment of machine or process. This is, of course, an unreal- 
istie View on light of the present status of mechanization 
and automation in industry. Recognition of a distinction 
between restricted and unrestricted work is exceedingly 


wnportant in view of the fact that provision ol adequate 


potential meentive in the two situations requires very 
different basie approaches 


Basis for Incentive Compensation 


The underlying basis for many traditional production 
wage meentives rests on the assumption that the average 
worker can perform his job oi less time than ts normally 
requnred tor performance without special financial motive 
thon. One very simple and straghtforward basic method 
af providing mecentive mvolves compensating the worker 
on the basis of the results he achieves relative toa standard 
for the joly 

This baste foundation for production wage meentives ts 
sufligent only in unrestricted work. Tn process or machine 
restricted work, Variation the performance time is pre 
cluded by the nature of the operation. [fit is desired Yo 
provide a finaneiml meentive mn such a production situs 
tion, by paying the employee on the basis of work per 
formed as mensured by standard time, if is necessary to 
vive special consideration to the development of the 
“standard tune.” 

Process restriction is not the only factor necessitating 
special consideration in the development of standard tine. 
One convenient classification provides three categories: 

1. Allowanee for personal tine 

Allowanee for irregular oecurreneces 

4. Allowance for machine tine 

All of these factors are of importance in protecting the 
existence and effectiveness of the common type of mcentive 
which has been referred to above. Lodustrial engineers have 
generally recognized the necessity for the first two types 
of adjustment by incorporating personal, rest and delay 
allowances m their work measurement procedures. The 


problems involved are measurement problems 
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Production Vanaye meant mire raily of Califor nia 


The Problem of Work Kestriction 


The third factor, however, deals with the problem of 
work restriction, and handling of this factor shows lesser 
degree of uniformity. The solution to this proble m cannot lu 


fulfled with pure measurement techniques but must involve 


the basic desiqn of the ineentive structure. 

quipped with an incentive program designed for un- 
restricted work situations, and faced with an application 
involving restriction, the practicing industrial engineer 
must follow one of three alternatives: 

1. Ignore the effect of restretion and develop an un- 
adjusted time standard. 

2. Apply the basic incentive structure to the special 
situation by providing for development of a standard time 
which is adjusted to reflect the degree of restrietion. 

$3. Develop a completely new incentive structure to give 
recognition to the unique characteristies of the work 
situation, 

A survey of industrial practice, undertaken as part of a 
more extensive research project, indicates that) formal 
poliaes of industrial organizations do incorporate each of 
the three stated alternatives. An analysis of a selected 
number of such formal policies, deseribed by standard 
operating procedure manuals, gives an indication of the 
results to be expected from each alternative, and the 
vanety of approaches to compensating for the restrietion 
factor (as midicated in both 2 and 3) 

Phis analysis bas resulted in the classification of ap- 
proaches into five categories: 

I. Stramht standard hour. 
If. Standard hour with constant machine mecentive 
allowance 
111. Standard hour with constant work imeentive. 

IV. Empirieal consideration of work performance 
. Empirical consideration of work performance and 

equipment periormanece, 

In order to prevent misunderstanding, the following 
terms are defined for use in discussing the methodology ot 
the five general approaches. 

ENTERN AL Standard time for unrestricted work 
performed outside (external to) the restricted prortion 
of the work evele, 

INTERNAL = Standard time for work performed dur 
ing (internal to) the restreted portion of the evele 
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bentorced eveleal wile time when tmternal work 
is performed at normal pace. 

INCENTIVE IDLE Knforced evelheal idle time 
When internal work is performed at incentive pace. 

VACHINE TIME 


the machine or process restricted portion of the 


(Constant time requirement for 


operation evele 

PERFORMANCKH STANDARD 
time allowance tor the operation. 

TREE WORK Total standard time allowance for 
manual work content of the operation. 

CYCLE TIME 
evele of the operation. 

Ai Actual elapsed time required for perform 
anee of one evele work situation, 

TREE WORK INDEN 
of utilization of manual work 

MENT INDEX A measure of the etheeney 
of utilization of equipment, 

LARNINGS INDEN A measure of overall efhiereney 


of an operation reflected earnings. 


Total standard 


Time requirement for one complete 


A measure of the eflicreney 


Description of Industrial Practice 


sing this terminology, bref description of the five types 
of ineentive structures encountered can be attempted. 

Straight standard -hour Designating the use of all 
“Vstems incorporating straight measurement of normal 
Clapsed time im the development of the tine standards. 
Phis would inelude “piece rate’ systems, as well as that 
commonly referred to as standard call sat 
Where no formal considertion is given to the presence 
of work restriction in the stundards development. Although 
there are many Variations of terminology used in conjune 
thom With this type of structure, a simple formula for 


development of the standard could be: 


Perltormance Slandard rnal Machine Time 


hie peer conte threen arrived nt 


I] NMandard mith constant machine allow 
of the tre standard, but differmg trom Pype Din that the 
elapsed time Values are adjusted in such manner as tom 
corporate: atibotiatie percentage lor 
restricted segments. Exemplary formulae for use the 


development and of this structure are: 


rtormance Standard Lerternal + VWachine Time 


hoarning rlormanes Manidard Actual Time 


Stlandard-hour with constant work iecentive. Desig 
the use of all svete, 
of normal elapsed tie in the development of the tune 


Jondard, but differing trom Type Doin that elapsed tine 
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Values are adjusted in such a manner that the degree of 
incentive potential during restricted work periods ts 
directly dependent upon work load involved. Although the 
formula for determination of earnings for this type could 
he identica! to that used in the first two types, the method 
and formula for development of the standard is basteally 
different : 


Performance Standard 4 


Machine Time + Uf) Internal 


A more specitic formula defining the function of mternal 
work time ts: 


Performance Standard krternal + Internal 4 


| Vachine Time (Internal Ineentive Pace 


Karternal + Internal + Incentive 


IV Empirical consideration of work performance. Desig 
nating plans which provide for empiric development of 
earnings by use of prepared tables, ete., which give primary 
consideration to manual work time involved. Such an in 
centive structure must be designed specifically for such 
restricted work situations, and empirically developed 
tables must refleet the degree of restretion 

Since this type does involve empirical development, the 
terminology is subject to great variation. Similarity in sys 
tems of this type results from the emphasis on manual 
efheeney using a measure of true work in perlormance 


standard development: 


Tru Worl lle rnal rnal 


‘Thos true work standard mw used in the determination of 


a true work tidex: 


True Work Inder True Work + Actual 


The empirical effect is im determination of the earnings 


index using the true work tidex: 


(f) True Work Indes 


karnings Indes 


The funetion () is empirically developed to refleet the 
degree ol restriction i the work 

kmypirical consideration of work performance and 
equipment performance 

Designating plans whieh provide tor develop 
ment of earmmgs through use of separate considerations of 
work efliency and efliereney of machme utilize 
thon. Such an meentive structure requires “dual standards 
development” and i necessarily ole only te re 
stricted work situations whereby tan is paced by machine 
or process. Such systems require development of separate 
“the standards’ for manual work and for process require 
ments, appheation of these standards im actual work situs 
tions te determine imdices for work and for 
equipment, and jomt consideration of these separate 
indices to empirically determine an overall effierveney 


for use in the ealeulation of earnings level 
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Stated in termes of formulae, exemplary Type Vo strue- 


ture could mivolve consideration of: 
Truc Worl Internal + Kkarternal 


True Work Indes Truc Worl Actual 
Consideration of equipment performance ts achieved by: 

Cycle Time Machine Time 4+ (Cbsternal 

Pace) and qui pme nt 


Cycle Time Actual 


The empineal effect isin development of an overall per 


formance such that: 


(f) True Worl Index 4 


earnings Indes 
(f) hquipment Indes 


ln practice this last funetional relationship 


usually pre-caleulated and provided tables 


Suflicienes of the Categorization 


‘This listing certainly does not completely cover all of the 
leust 


three additional types could be meluded as variations of 


proposals on the history of wage mmeentives 


Types [through to tneorporate Plow 
ever, although ts certainly an 
charactertstye detailed consideration, its a device 
mtroaduced tor reasons other than the solution of meentive 
erented by work restretion. Its effeet i= this 
respect might be considered so minor as to justify 
consideration 

the categor zation is admittedly in 
complete, a large majyonty of current: production wage 
meentives tor direct labor appleations are probably on 
Claded. Type tulfills the previously desernbed alternative 
at restriction.” Types TD and each illustrate 
conformance with the second alternative of Cadjsusting the 
statlards within the meentive structure,” and Types 
and contorm to the third alternative of “completely new 
meentive structures” 

dletailed analysis of selected mecentive plans which 
conform te each of the above deserbed “types, 
possible to make relatively obyective and realistie evalun 
the practical sufficreney of each of the several types 
moaeheving goals” with respeet to restrieted 
work situations. Pnoorder to accomplish such evaluation, 
however, there must be provided some unthorn standards 


hor 


Criteria for kvaluation 


the of publishments and recommenda 
thomson the ol wage theentives, it ts difheult to lst 
and consider all ot the large number of “requirements of 
youl practice’ whieh have been proposed. This may not 
he necessary in the present instance as miany requirements 


enn be satestactomly fulfilled within any of the baste strue 
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tures considered. The entera can be limited to those most 
subject to violation im providing compensation for re 
strneted work and enforced evelieal idle time. This should 
be sufficent for evaluation of the industrial practice 
deseribed. 

In accord with this approach there can probably be 
found some agreement that financial wage meentive pro 
yrams should, among other things: 

|. Be simple and understandable 

2. Make possible computation of earnings by the 
employer 

Provide sufficient reward attamable with reasonable 
eflort 

1 Appear equitable in order that proper attitudes be 
fostered 

Actually these requirements can be divided into two 
baste cnterna to be used in evaluation. One of these, midi 
cated by the last two of the above requirements, involves 
the results of the development and application as reflected 
m earnings Three guiding characteristics are in 
volved: 1) provision of attamable differentials of adequate 
size, 2) provision of consistency of opportunity: between 
appleations, and 3) provision of potential 
mytiitable in comparative considerations, 

The other of the baste eriterta is mdieated by the first 
Iwe requirements whieh deal with the lack of complexity 
in methodology and the ease of administrative computa 
thon. Evaluation on the basis of this erterton must) be 
executed with complete awareness of the method ot per 
formance standard determination and of earnings tides 


deterniunation 


Analysis Procedure for the kvaluation 


A\lthough this second enmterion might be satistuctorly 
considered by analysis of the general mechanies mveolved, 
the nature of the first eriterion with respect to the results 
of appheation of the svstem can only be evaluated accord 
Ing to performance in work situations. Since there are at 
least two pertinent variable characteristics of such work 
situations, ie. degree of restriction and proportion of idle 
time, several different types of work situations must be 
considered 

bor purposes of the research summarized here, six dit 


ferent bout reluted work or cusses Were considered 


Case 100%) unrestmeted, no idle time mveolved 
Case unrestricted, 10°) idle during evele 
Case TP unrestrmeted, 10° idle during evele 
Cuse 50° unrestreted, 50° idle during evele 
Cause VO 10°) unrestricted, 90% idle during evele 
Cause VI unrestrmeted, no idle time mvolved 


The percentages listed are predieated on standard tines 
established on the basis of elapsed times at normal per 
formance. In order to develop standards tor each of the 
incentive svstems analyzed, specie time values were 
developed to contorm to each case 


In order to apply these standards, 1 was alse necessary 
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tourbitraniv assume levels of manual performance im the 
execution of the operations: 

|. sub-normal level of 

2) normal level of LOOS, 

4. expeeted level of 125°, 

superior level of Loo’, 

percentages were applied only to the times tor 
thantial Work and were assumed to be consistent regardless 
of the degree of idleness in the operatzon, 

Only the conelusions of the deserbed investigative pro 
eodures, with respect to each of the general Types of 
hive svstemes, can be reported here. The details of the vari 
ols computations tor each specie svstem: ob ameentive bs 
orginal research listed) in the 


eluded in the report 


references to this paper 


A Rating System for the Evaluation 


This evaluation with respeet to the first eriterton, pro- 
ot suffierent attamable earmiogs which are consistent 
use of three-degree deseriptive 
rating tor ench of the three facets mvolved: satisfactory, 
doulttul, or ansatlistactory 

This rating svstemois apphed to the probable adequacy 
tinder each type ob teentive, in motivating 
col Such evaluation 
Is dependent only upon provision of meentive at any level 
‘The sume rating sVateti is applied 
With respeet te the probable mamtenance of the level of 
manual perlormance Whieh ts the pre 

ion ot adequate reward at the expeeted level of perform 
reward between different levels. The third facet of the first 
criterion, to Whieh the same rating svstem is apphed, con 
the y and equity of earnings ane depends, 
the effect of merensed idle time 


potently 


Ratong 


i barnings tor Vaintenam e of 
bert na ‘ te € 


1\ 


\ 
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The evaluation with respeet to the second erteron im 
volves rating two factors in each of two primary types of 
metheadology: 1) methodology of standards development, 
The first 
factor considered with respect to each methodology ms the 


and 2) methodology of earnings computation 


complexity of the mathe matical computations required The 
rating swale tor evaluation of this factor mvolves tour 
degrees: rery sim ple moderately sim ple, rately difficult, 
and very dificult. The rating apphed is dependent upon the 
nature of the COPEL mvolved. The seceomd factor 
concerns the case of planation ron) onl the 
methodology and can be desenptively evaluated with a 
four degree rating seule: sfranght-forward, slightly mmvolved, 


monte rately rnvolved, rery involved 


Description and Comparative Evaluation 


A stummarization of the descriptive evaluation ts shown 
in tor the five baste types of meentive structure 
These ratings have been applied on the basis of perform 
anee in the cases desenbed of actual structures 
conforming to each of the several types 

TYPE 1 


volved can be considered relatively very sem ple 


In Type structures, the methodology om 
thon ool the performance standard tnvolves only 
the measurable times tor the various components of the 
job, and earnings computation terns of tine) 
stmply the summation of the work Cmensured in units of 
standard time) performed. The methodology can also be 
considered straight-forward sinee ean be justified on tha 
basis of direet mensurement of the work tty 
terms of time. This is in conformance wath ronal 
nodes with respect to remuneration tor work 

\ consideration of the adequacy of carnings provided 
by a Type inceentive structure does not provide so satis 
factory an evaluation. Detatled analysis of earnings pro 
that, exeept tor un 


vided in different “enses”’ 


ofl loc entive Structure with Reward te 


Stanelarels Ihe ane nt barnings tation 


al 


very simple 
themlerutely 


themleratels 


very 


<tranght 
forward 


slightly 
mveolved 


mvolved 


slightly 
mvolved 


very mvolved 
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Mathematy al 


€ compat at erties 


very simple 


very simple 


very simple 


themleratel 


very eliffieult 


base of 


forward 


forward 


forward 


mi velvet 


very mvelved 


ratings of selected meentive structures with respeet te performance when applied ta re«treted work 
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| 
bias 
Tilt 
| 


restricted operations, job mcumbents would be greatly 
restricted in earnings potential. For example, in 50° re- 
stricted jobs (Case 11) a work pace of 125% ts rewarded 
with only 110° earnings since only the time requirement 
for the unrestricted portion of the eyele could reflect 
mereased pace of work. The sufficiency of such reward in 
motivating mamtenance of performance with respect to 
either equipment or manual work is doubtful, and when re 
duced even turther by increased restriction or enforced 
WMlenessat is almost certainly 


’ 


The “equitable comstency” of earnings under Type I 
must also be considered unsatisfactory when 
plied to restricted cases, since the earnings level can provide 
potential for inereased earning» based only on the unre- 
stricted work rather than on the total manual work load. 

TYPE 


thon of the Type TL, such that the standard time is modified 


The Type structure involves a modifien- 


tounehude a constant allowance, in addition to the standard 
time, for restricted portions of work cycles. The perform 
anee standard ts not just a summation of Clapsed 
but includes a fixed proportion of restrreted time as an 
meentive allowance, (The same result is achieved by ex 
pressing standard tine at meentive pace rather than nor 
mal, and determining compensation relative to an 
rather than a base pay level. Using this method, the 
“stomdard tine is a stmmation of the elapsed tines.) The 
useol Type structure has the result of modifying Type 
structure to provide for handling controlled time as 
tune rather than standard time in the usual 
sense. This requires slightly iereased complexity in the 
mathematios mvolved and reduces somewhat the stragwht 
forward of the standard-hour system. Neither 
eHeet ool a degree however 

The effeet of this modification on the sufliereney of earn 
mgs potential provides distinet improvement over Type | 
meentive structure. The results of various appleations of 
Type svstems from the standpomt oof earnings 
Hidientes that the worker is provided greater meoentive to 
nvond exerting a negative control on the restrieted evele 
Through maintenance of the machine or process, merensed 
expenditure results sizeable in the earn 
mygstndexs acharactermstic not trac ot Pype Lapplieations 

\ shortcoming of the Type structure results from the 
that no om given the extent of internal 
work load owe. the amount of manual work performed 
during the restreted portion of the eyele. For example, 
curnings potential is just as great fora Case IV (90 idle) 
operation as fora Case TE idle) operation. This char 
results man wasatisfactory rating with respect to 
the existence of gait ters between Various applrentions of 
the svatem 

TYPE 


structures merit the most satistactory ratings 


Reference to oindicates that Type 


with respect to general fulfillment of the eritera bemg con 
sidered. The structure for this type of system can be 
achieved in several ways, each of which is designed to fulfill 


the goal of providing equal incentive opportunity tor all 
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manual work regardless of whether it is external or mternal 
to the restricting factor. Any attempt to fulfill such a goal 
with a structure which is simply a modification of Type I 
requires some degree of compromise, however. The corm 
promise usually accepted necessitates the assumption of a 
desired performance level on which the development of 
standards is predicated. With this compromise, it is pos 
sible to develop time standards whieh will be equitable, 
consistent, and provide adequate incentive, but which wall 
be completely correct in application only at the assumed 
level of performance. 

Such a standard is developed by summing the times tor 
all of the work elements required in performance of the 
tusk, and adding to this the idle time which will be en 
countered if the job is performed at some pre-established 
“ineentive level” of performance. Such a system provides 
the job mcumbent with full potential for incentive reward 
for performance of manual work at ineentive pace. The 
Incumbent is not penalized for eveleal enforced idle tine 
since it will be automatically compensated for at the hourly 
rate. The system is only correct at the meentive level used 
in computation of the standard, however, sinee too much 
idle time would be meluded for work at less than meentive 
pace and too litth: for work at greater than incentive 
pace, 

In spite of this shortcoming, the Type TDD structure pro 
viddes satisfactory motivation to the incumbent for mamte 
nance of equipment utihzation, satisfactory incentive to 
maintain «a desirable level of manual performayee, and 
satisfactory maintenance of relatronshipes between 
different appheations. achieves this with moderately 
sample standards development computation and with rela 
tively very simple earnings computations. Although the 
method of standards development is slightly merolerd, the 
method of earnings computation is very straight-forward 
and relatively eusy to justily 

TYPE IN Detailed analysis of the appleation of 
standards developed under Type structure mdicates 
that, although the svstem results on logieal consistenes 
between applieations from the standpomt of showing 
decreased carmimgs potential with tmereased idle tune, it 
does not provide earnings differential between different 
levels performance suffierent to motivate the 
higher levels of performances. [tis also apparent that 
coses With high pereentages of idle tine, suflievent 
is tot pray for motivation overall pres 

The mathematical computations mvelved in the Type 
strueture os moderataly in oan attempt to re 
fleet adjustment to charactersties of the operation 
covered, The mvolves use of predeveloped charts te 
ineorporate allowances for enforced idle time imto the 
eormings computation. These charts are used in conjutn 
thon with the “standard” for the operation a standard 
Which reflects only the “true work” content of the job. This 
requires that two tndex calculations be undertaken im the 
process of determining the earnings index an index of 
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“true work” performance is modified by an empirically 
developed factor which reflects the degree of restrietion. 

Although the first index required in computation of 
earnings under the Pype TV structure is verv similar to the 
earnings index under the Type LT system, this index must 
be used in computations mvolving a formula which ts 
empirically developed and has no apparent logical justifi- 
cation from an equity standpomt. [tis extremely doubtful 
that an average incumbent on an meentive job could 
either readily ealeulate bis own earings or justify” the 
method of calculation 

TYPE VO The Type Vo strueture is the most elaborate 
encountered for provision of meentive payment for re- 
stricted production operations. neentives of this type are 
not unustial, however, as this alternative has been chosen 
by an tnereasing number of organizations faced with 
amounts of restriction eritreal production 

This type of structure invelves mereased complexity 
with respeet to both standards development and earnings 
computation. An attempt is made to give consideration to 
cob capabilities, us well as to purr: 
formance of mantial work, through development and 
appleation of dual standards. The first standard is a “true 
work” standard, te. a time measurement of manual work 
content. The second is time standard for capacity 
Inachine performance and may be a simple summation of 
time requirements for the various components of the job 
at level of performance. Although neither of the 
standards require complex development procedure, the 
that twostandards are required takes for less 
in the standards as true measures of the job reepuirements, 

The procedure tor carnmgs calculation with this system 
Is the complex of any considered since consideration 
mist be given to two standards. This consideration 
necessitates calculation of three separate indices. The first 
twool these mvelve the use of the respective stunned 
ards i conjpunetion with the aetual tone, and each set of 
ecoleulations is verv similar to that used in the (Type 
standard hour svstem: for direct determination of 
index. In the Type Vo system, however, these indices must 
be used in very mathematical procedure using 
ent prepared 

of the extreme complexity ol standards develop- 
ment and earnings determination, Type \ structure can- 
not be evaluated as the second The 
compilation required must certamly be rated as 
di the alt ane ver since bs extremely doubtful 
that even the above average job could readily 
ealeulate his earnings with reasonable expenditure of 
mental eflort 

References to the rating chart mdientes, however, that 
the results ol of this structure ean ide 
yenerally satistactorvy earnings as evaluated with the first 
eriterton. The very computational procedure 
tits development of a desirable earnings pattern whieh 
can provide sufficient attainable earnings differential with 
Cobsisteney ob opportunity apparent equity it levels 
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of compensation. The flexibility attained in use the 
primary advantage of such an empirical development 
since it is possible to design an empiric structure whieh 
will cause a resultant earnings pattern predetermined as 
desirable. The complexity which may be necessary in 
achieving this goal may very well negate the results 
however. 


Summary Conclusions 


Study of information provided by the rating chart per 
Inits some conelusions with regard to the eom 
parative adequacy of the several svstenss, 

Type | methodology is uniformly unsatisfactory from 
the standpomt of provision of adequate meentive for re 
stricted operations. The fact that an unsatistactory system 
is Very simple and straght-torward is no justifieation for 
appleation of the system, 

At the expense of some simpleity, the Type structure 
is Capable of providing imeentive with respect to 
both machine utilization and labor utilization in 
appleations. The method results in be 
tween jobs of varving characteristics, however, and would 
undoubtedly prombuetive of considerable worker dis 
satisfaction which could negate the meentive provided. 

The most unutormly desirable ratings are earned by 
Type TEL methodology. Although some systems designed 
with this strueture make use of pre-caleulated tables, 
formulae, ete. causing the methodology to be undesirably 
involved, it is posable to the mechanical aspects 
to cause them to be satisfactory. With only limited exeep- 
toms, the finanem! meentive provided is very satisfactory 
from the viewpomts used in this analysis. Where it can be 
satisfactorily applied, the Type ILL method of providing 
production wage meentive can result in almost complete 
uaey 

The Type LV classification does not merit detailed 
cussion ina consideration of satisfactory methods of pro 
viding production meentive to restreted opers 
trons. The mereased complexity of the methodology 
diffieult to justify by the generally unsatisfactory result» 
in incentive provided. 

The ratings with respect to adequacy of earmngs pro 
vided by Type V systems medicate that this methodology 
is capable of providing satisfactory levels of earnings for 
provision of monetary incentives. Llowever, this is achieved 
only through introduction of highly complex developmen 
tal procedures which are probably logically unjustifiable to 
the employee. This characterstic, combined with imvolved 
computational procedures in administration, causes Pype 
\ structure to be somewhat lacking in desirabulity 

spate of this, must be recognized that there ts jpustip 
cation for an attempt at application of wage incentiwes to 


production processes which are not mmple and straight 


forward. Uf variations im labor requirements, machine 


capacities, preclude the powululity of developing one 
constant performance standard, an involved system: niughet 
be In such situation, a Type V structure could 


THE JOURNAL OF INDUSTRIAL ENGINEERING ‘ 155 


be yustified and certamly ought prove workable and 

In the more “typical” situation mvolving standardized 
methods, the mvolved procedure of a Type Vo structure 
logically be justified in view of the much less in 
volved Type TIT methodology. Tt niust be concluded that 
the base procedure of the Type TED methodology provides 
the sutistactory of the approaches here considered for 
Gh monetary meentive lor restricted 


respective of the degree of idleness mvolved 


Limitations Inherent to kvaluation 


Vey conclusions must take cognizance of the tact that 
this analverm, on whieh they are based, has concerned 
only written standard operating procedure ol Various 
dustrial svstemm using the varius structures midieated, I 
apparent that use of “non standard’ procedures to cope 
With facets of the subyeet problem is not 

probably the rule rather than the exeeption 
Development of “fudge tactor” through deliberate tits 
applieation of allowance tactors and through mtentionally 
‘too’ time Values enn be used te provide theentive 
level of carmings not mberent to the baste tsed 
Consderntion of such develop 
ment bas net been attempted since concern here is with 
devalaopment of satistactory formal methodology as a 
solution to the 

lt should also be pomted out that conclustons reached 
here have not considered the posubility that mereased 
Wleness work evele will automaticnily tiake possible 
telt that source this contention 
does not provide evidence conclusive enough to justity 
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In final conclusion, it must be emphasized that final 
success or failure of a wage incentive program is not de 
pendent alone on objective merits of the system used 
exceptional administration might very well result in a 
sitisniactory program in spite ol defective methodology It 
certamly true that fhe cristence of a rlect mechaniam 
dics not quarantes a satisfactory program, except asx 
satisfactorily administered. With proper consideration ol 
non-mechanical factors, however, it would appear that the 
standard-hour system (or its equivalent), modified to 
provide meentive for all manual work and to provide com 
pensation at a lesser level for enforced idleness, can serve 
as the vehicle for provision of certain desirable motivations 
with respect oto performance of restreted tdustrial 
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The man-machine relatronship is an old) problem 
iidustrial engineering cireles. As an old problem, it has a 
it approach the man machine chart. This pie 
torial device teamed with mathematics, however, renders 
mir of man-machme relationships far more ef 
lective and greathy improves our decision-making 

To get a notion of mathematics’ role, let's consider the 
three baste man-machme relationships, 

lL. Completely Systematic The machine in this case has a 
Known time interval between requests for attention ned 
there is a known and highly constant operator time when 
attending. Such a svstematice arrangement can be por- 
traved algebraically with simple linear funetions as wall 
be clemonstrated later the discussion, 

2. Completely Random this couse, at not known 
exaethy when a machine will request serviee nor is it Known 
how long the specie situation, will take. 
\vernges are known, however, and with these averages, 
mathematios can be emploved effeetively, as 
well as tathematies, This is a queuemg 
or Waiting line problem about whieh much has been 
written. 

4. Mirture. Between the two above 
extremes are all shades of muxtures. Moving from the 
completely random towards the systematic, probability 
can Work tor part ofl the distance. Por instance, random 
brenkdown with regular serviee time an average 
With low variation oom treated by 
regular but  varving mache requirements 
coupled with regular servicer is suceesstully charactenzed 
bey \s the machine batters pets 
ever, amd a svstemuatie serviemg any W vulely 
spaced but random mterruption te that svsetem: appears 
te require a mused approweh algebra and probabality 
combuned 

This discussion proposes to display a case study of such 
is partially svstematic and partially probabilistic. The role 
of simple algebra in the systematic phase will first) be 
then the overlay of probability on the al 


yebruc Mian-machine charting had been dome om 
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this problem for a long time both in development work 
and in the work measurement activity. Tt was costly, 
however, requiring 1000 to S000 engineering hours 
just to tmecentive standards. Moreover, the 
engineering answers both on standards and im development 
work were not completely satisfactory. Accordingly, a 
comprehensive mathematical model was sought in order to 
simplify standards maintenance and give broader scope 


to development work, 


Pia. 1. Kodacolor Printer Work Center, Operator making 
prints on twoof three available printing beams Note The printer 
gate on beam three ix shown normally positioned for print 
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This case study concerns the Kodacolor printer. This 
printer takes the exposure trom a Kodacolor negative on 
hodacolor paper which is subsequently developed photo 
yraphocally into a Whodacolor print. The Kodacolor printer 
(See bigure 1) consists of three photographically ide 
projection systems Cheames) which permits the 
operator to handle three customer orders sHnultaneously 
The operator loads a negative to the printing gate of one 
beam and depresses a classification button which starts 
the qachine on its automatic cycle, When the printing 
evele is complete, the negative is automatically disposed 
fom negative tray. The operator loads negatives across the 
three beams whose gates are located beside each wther on 


th 


have been made, the to the 


ano panel facing the operator 


west three exposures. “This proceedure is also pertormed 
over just two beams when the paper suppled to the printer 
iol such a width as to accept only two expostres. So, the 
printer is a semi-automatic clectrome comple 
With twooor three seni midependent each with 
aoseries of sequential elements and assocmted 
attention clement. 

This deseription might mean more sketch of a specie 
were made. Tn the overly simplified exaniple be 


low (bayure 


There are 2 


df 


Now, the caleulation of the time to make a print under 


these conditions is perfectly straghtlorward 


Average evele time 

2 prints per evele 
2 Hittites per print 

(Start up time, in an extended run, is negligible). This o- 

the conventional approach to oa simole systematic man 

machine relationship a man-machine chart followed by 

arithmetic calculations. bor different conditions 


anew chart would be 


in the number of beams, d, a, ora 
drawn and calculations made. To examine many conditions 
would mvolve considerable sketching even this 
example. Man-machine charting, as any odustrial en 
yineer Who has worked with it will testify, is a laborious 
procedure for any sort of comprehensive analyst 
Turning to mathematies, it's possible to build a simple 
mnathemation! model of this svstem that) permits direct 
caleulation of procuctyy HV, machine idleness, and operator 
ileness for any set oof conditions 
Let us reconstruct a portion of the above operitor niu 
chine ehart 
These observations are readily 
The elapsed tine per evele (7) os the stam of operator busy 


elements (ef) nnd elements (blocked mren 


operator + operator 


: 2. The operation consists of repeating systematic arrange 
Print exposure tine 7 (ho ments over two eyeles noted before (hour prints 
Operator wile The svstematie arrangement can be expressed 
Machine idle tine m braically asx follows orer cycles 
Note that Beam Noo wall not recommence element 
operator busy 
(a) until the paper advanee Cr) has taken place simultane 
misty on all beams. Also note that operator element operator idle a+ 4 di tor ist evele 
cannot comede with machine element (a) that beans, 
7 df lor evele 
but can comende with machine element Cr). Thos latter taet 
the pattern to go two eveles before repeating. 
Where evele is defined as the elapsed between the 
‘tart oof two stecessive paper advances. That is. eveles 
1. OS while eveles 2. 4, and 6 total elapsed trae per evele (7) beconies 
Operator | 4 i qi = = 
Beam 1 a Aa a 
12 .20 .29 | 46 
K— Start Up Cycle 2 Cycle 5 Cycle etc. 
.08 08 
Time Scale (minutes) 
Poa. 2 
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x 
x x 


A a 


& A 


Start 


that the umber of m 2. the 


erage tine per prot (0) 


r 4 
ona ple f (hia (ho. = 
/ ( 


peer 


\/ idleness per 
\ 


this as rather elementarv, but does shaw 
algebra generalization can eliminate the elaborate 
dine t pent charts tes every sittin 
twee bec situation quickly ean be analyzed for any com 
captures that understanding for perpetual tse. bxtending 
this te three for requires some charting of 
evolves. We wall thos, however. for 
there os another of COMMON IES that os more 

Veteratie behavior But mote that the roots of both 
and svstematiec behavior exist. The three beans 
operate With meechanenl up to the pomt of 


< ey 


— 
Stop 


assented with paper advanee, the three beanie could be 
considered as three separate machines attended by one 
operator, This partially mdependent feature the 
for rumdom behavior: it ois only svstematie when one 
the number of prints made tor cach negative’ 
is comstant. This variable controls the Trequieney ob oe 
currence ob the negative element (4). te naw 
moour desemption, prints per negative has been equal te 
one for every negative considered: each prot made 
had «a negative handling element. This is mot 
see Homatehes the actual experenece of handling “process 
prot. orders those orders where: a 
development of three eneh 

There os another type of work, however, defined as 
work. \ customer sends in separate negatives 
work) reetiests or more pritits (say 2, 
‘or W)) from such negatives. In this kind of work, the 
partially random: behavior exhabits “The 
of priuts made from each negative is not necessarnty the 
same, the negatives to be printed oecur mm a completely 
manner that what negative re 
quires the way of prints net necessarhy an ron 
of what the mert one or the one on the other bennme wall 
require. So, many given evele, the printer can be working, 
on one bent, on a single conned three cot 
core Che Chore tive prot negative. Or be 
the combination is six of six on the first beam and one of 
the second, and se forth Now, that paper ad 
vanee linkage the aetron chil mol 
these could be comsndered as two or three porrate 
machines (as noted earher) attended by one operator mane 
te the conventional multe ple probability 
analysis, The comstant re-alignment of these partially 
independent funetions, however, gives the proter this 


There another vartable the number of negatives pes 
mvelving order handling time An onder the 
customer package kor thie ones 
handling element will not be comsedered treatment parallel. 


that of primts per 
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Before examiming the approach to this combined prob- 


lem detail, let's summarize briefly. The Kodacolor 


printer can be considered as having these basic variables: 


d 


The number of beams in operation simultaneously, 
usually two or three 

Negative loading time. The operator loads the 
negative mn the gate and depresses the classifies 
thon button. This ix a measured time value de- 
pendent on the negative size and type of order 

Print exposure time. This may be values from 2.5 
seconds for current machine designs. Tow 
ever the value is a constant fora given machine for 
aygiven period. 

Paper advance time whieh os fixed for all printers 
This is the time the machine takes to mdex the 
paper for the next seres of exposures 

The average number of prints-per-negative tor 
that order type. This may be any value > 1.0. 


Phese variables are the minimum required to retam the 


Character of the problem. The actual operation consists of 


other equally mnportant elements that will be left out now 


The problem is to determine the expected production 
from a Kodacolor printer for any set of given values for 
the variables shown above. 

As before, here is a specific example: 


" 2 (number of beams) 

d O3 (operator time to load a negative) 
a (printer time for one CX POSure ) 

Ol (printer time for paper advance) 


These orders are a random selection of “print: only” 


work to be printed on two beams: 


Keam 61 Heam @/ 
No ol No of Prints No of No of Prints 
Nex» Prints Nex News Prints Nex 
Total 1: It) 


No. Negatives to be handled 20 
No Prints to be made 11 


i 
Beam 
2 
x 
Start 
d d 
= 
x x x se, 
— (.51) 
a | 
x x | x 
(.33) 
tT 
Stop 
Time (minutes) 
4 
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As shown earlier, a solution to the problem can be at- 
tained by the construction of an operator-machine chart 
as shown bkigure 4. 

Total time 

Operator busy 


Se minutes 

lor 22 eveles: - 


min evele 


Operator idle = 0 minutes 


lor 2? eveles 


evele 


S05 tin evele 


Tune per print (MOS mun evele 


brom this chart, as before, print productivity can be 
cauleulated (disregarding, for the moment, the bloeked in 
operator idle times): 

Total tine (minus start up} 
Total eveles te 
\verage Cycle Time 


and Average Time per print 


This chart however, would acceptable iis 
final ome sinee this collection of work ts only it partial 
one, albert random. Phe chart is just a fleeting 1.77 minutes 
tivaty never to recur exaetly the same way. 
charting required lor lhis set of 
of other values for ane Charting 
tlome toocrack this problen an immense chaotie job 
even for thus version of the operitor-printer 
relationship. Using both algebra and probabulity, however, 
is fo build tathemationl model that deserbes 
the svstem: onee and for all, 

We con use the chart of this specie example ter ger 
some of how the “Vstetn asi Whole Operates, \s noted 


Time per Cyele 7 operator busy + operator idle 


Sum of the G4) values 
Now ot Cyveles 


Por C'vele 


+> 


form as tollows 


Cho. ob negatives) 
No Cycles 
ob negatives) 
Now of Prints/2 
24 + No. Prints per Negative 


minutes 


‘The idleness clements shown as blocks igure 4 
now need te be desermbed to complete the mathematization. 
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Examining Figure 4 closely, we can see that the amount 
of the idleness element depends more or less on whether 
or not there is a negative handling element in that eyvele. 
If there is no negative handling it means the printer 
working in other than the first print of a multiple print 
negative. The printer does this automatically acting: on 
operator instructions registered by a pushed button when 
the negative was originally loaded. 

We can redefine the system, in Figure 4, therefore, im 
terms of whether a evele has or doesn't have a negative 
handling element. Below, in Figure 4 indicates: that 
a negative is handled to make a print im a eyele and “O" 
indicates that no negative handling oecurs in the evele 


Heam @1 ddd AHH dd AO AO 


Here are all possible combinations: 
Keam #2 0 


We can improve this knowledge by seeking a statement 
ol how frequently each combination occurs or what the 
probalnlity is oof the combination occurring 

With these definitions 


DProbalbulity of getting the negative inh a eyele 

= of getting one negative a 

ve be 

d 

= I’, Probatulity of getting two negatives a eye le: 
d 


We enn consider the oecurrence of “d" and “O" as 
random’ and use these probability statements 


1? 
2h 
= 
Ke 
= 


Solution for 1’), where 15 
Vrobatulity that «a negative handled for a promt te le 
the oeeurrence of (d) t/a 
Vrobalulity that ne hegative in for a te ber 
@ 
the oecurrence of (0) = 
4 
In any one beam, and OR are mot the 
number of per negative m any one order im to be 
There im, then, a “hunehing’’ effeet within a beam. The 
work m one beer however, In of work m another 
beam and the ugeregate efleet at any cross seetion faye 
perenne complete randomness as more beams are melucded 
Within beam dependency im really quite slight #o that the 2 beam 
effeet exhiluts thie randomness for all practical the 


Sheam effeet does 
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2.2 
2 mas 


Note that could bawe « pressed 


hue 


eof 


These probatulity statements are tor mdividual eyveles 
ldleness, however, has a two eyele pattern as the first 
showed (see bigure 2 and the com 
ments) Any expression that would yield a value for 
must relate to combinations over adjacent evcles 
not medividual Accordingly, we can expand our list 
Of posable combinations and note opposite a new define 


thon the previaus defiitrons as 


« 
dl 
dia 
ad 


(Charting these possible adjacent evele combinations Cor 
observing an bigure do when they do oecur) permits the 
development of idleness expressions in terms of and d 


lor certain grotipes of these combinations. These are shown 


rot, of 0° 
+ 
on 
7°, 
df 
Ja ld 
See tyure 2 


The above four idleness are the only eApres 
sponses that exist forall the possible adjacent eveles combina 
tions. These expressions tell how much idleness oecurs; the 
nssocinted probubulity statements can tell how frequently. 


combing both will give a fofal aleness preture. Deter 
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mining the probability of getting each of the idleness 
pressions is done by following the basic probability rules. 
“and” means multiply the probability expressions 
“or” means add the probability expresso 
Consider the combination: 
to occur and to follow: 


Px Pe = 


Consider the “2, Py or Py Py” 
to oecur and to follow or Py to occur and to 


(Po Py + Pi Po) = 2 (Po Py) 


Thus, all the probability statements can be developed 
and combining them with the idleness expressions results 
nat final mathematical model for the system that is repre 


sented by the example in bigure 4 


operator busy fas shown before) 


operator idle: + 4) 


(Ja + 
21 +P) 
2 


Ptr, 


2 
+ — Bd) 
i 
2 
The caleulation using the model for the example 
2 
(fe 1) (15 1)’ 
1)" 
Ahe 
Total 1 
ol I Br 
+ 20s) a 
‘Total 1 
Node! 
Jal (Ja + s) 
+ Piola + £) + + 2s) 
i * é 
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+ (Ob + 


Oi + + + 4+ OOF 
OSOL tain evele 


2 tain. per print 

This compares very favorably with the actual value from 
the bigure tchart of munutes per print. It gives a 
yvewmd iden of the adequacy of the model. This close corre 
spondence is not always realized in such a short run, of 
eomirse: the portrays the uverage long rin pre 
ductivity and short run differences between actual and 
predicted are to be expeeted within statistical limits 

also be noted that the actual svstem may met 
repeat itsell on every other evele as it did im the purely 


cose 2) 


the adjacent evele 
eveles repeat moa random fashion, actually, reflecting the 
probability overlay on the systematic relationship 

This mathematical model forasvstematic 
relationship has one feature: it de 
sertbes and quiantifies a finite reasonable (say < 15) number 
of sittiatrons and attaches a probability te eneh situation 
These lor situation hy them 


ln more generalized form 


poral 
/’ col thee pthe “arising 
assented with pth 
hla. rad 
thier ob the prosstbele 
/ Where finite and reasonably 


last) restrietion opinion it would seem: that 
the complete probability approach Gas desenbed the 
comventronal queuemg theory literature of reference 1) ps 
stiggested the possible of vets tow 
the complete Kewlacolor Printer Model, for 
/ 

There have been some extremely benef! results trom 


this specie mathematical niodel. [Pt has been programmed 
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on the Card Programmed Caleulator® Creeall that there 
are several more variables and complexities in the complete 
model) which has permitted a new dimension m develop 
ment work. Where five or, at most, a dozen combinations 
of possible new conditions was the limit ino man-machime 
charting at that, Incomplete the upwards of 200 or se 
were recently examined and completely so on the ealeu 
lator. Moreover, 3000 industrial engineering hours have 
been relensed im work measurement areas as a result of 
this model. Work Measurement posed a contig prob 
lem of changing standards on a dozen or so varieties of 
printers to keep pace with the constant tnprovemernts 
being made by eleetronie engimeers. And, finally, ne ade 
quate assessment can be made of the seeure Knowledge 
that the answer is “right” and not just the end pomt of an 
mecomplete engimeerigg analysis 

One question that arises on such is the treat mene 
of imput data as though it were ryodly fixed. Operators 
certamly differ and any one operator varies in stlecessive 
element times. These facts rise ne problem, however, 
operators have a clireetly te 
their average time on the operitor- paced portion 
of work. Within operator variation “averages out the 
realyznient of the system every evele eliminates the 
oserviemg idleness occurs. Se, generally speaking, the 
Central Theorem protects agaist varntion all the 
wav through and average Cor, you wash, standard”) 
times are tisable 

Whenever analytical methods seem: complex it stigggests 
the use of Nlonte Carlo or tere 
course, charting is a Monte 
Carlo. a very poor man, we might wld and pomts up 
some ob the difficulties. This stmthation would be heavily 
with alternatives as each new item of data im added 
Selecting alternatives with numerous cules te follow pe 
not easy on conventional punched card equipment and pes 
not cheap on the more elaborate electron data processing 
machines. Tn this problern the latter wie mot it 
is honestly hard to say at what pomt analytienl com 
plexity will tip the seales toward Monte Carlo. 
methods such as this mathematicn! mexlel, do give the 
engineer a certam grasp of the problem a conmeeptual 
control that very advantageous handling 
of it. But man-machme mm the vastly more 
competent guise of cleetrome simulation, may eventually 
prove the winner. 

That is not however, and 
analysis as currently cone by charting can improved 
by This discussion has shown simple algebrn 
nm action on a purely systematic cred bee 
dwelt at some length on handling a muxed 
partly systematic, partly random. Basie probability ane 


‘This was handled by Mr Bart Allen and Mr 
Morris, Department Head, Serentifie 
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sunple algebra can be used in the latter case both within 
the easy grasp of practicing industrial engineer. These two 
approaches to these two aspects of the man-machine prob- 
lem you with the third approach probability or servo- 
mathematies, to the third aspect the largely random 
behavior. And the industrial engineer has a highly effective 
on productivity problems a mathe 
matical attack that makes an immeasurable improvement 


over the traditional man-machine charting. 
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A Graphic Method for Finding Required 
Number of Time Study Readings 


By B. Hansen* 


Cirdnance Management Engineering Tramming Program 


One of the engineer frequently 
finds himself confronted with is “Llow many readings of an 
element should take to get accurnev?” ts msufherent 
to say alone sinee he must be concerned with 
“how much” accuracy bs desired; so it is conventional on 
practice te place these limits at + some perr- 
centage of the average 

Currently, there are popular svstems in-use which give 
anestimate of the number of readings required based upon 
a single range between the highest and lowest readings mn a 
series of readings of an element. While these systems no 
doubt are adequate in tiany situations, a well estab. 
lished fact that a single range by itself is a notoriously 
poor statistic for estimating dispersion especially se in 
large samples. The proposed system is no more diffeult 
than those presently in use and is much more accurate, 
especially when erratie readings oecur 

The system proposed below makes use of the average 
range of small subgroups of a sample in the construction 
ola graph for finding the additional number of time study 
readings required after taking the mutial study. Let us say 
we have taken a dozen readings. The sequential procedure 
is follows: 

|. ‘Take an initial sample of 12 readings of clement time. 

Sum the readigs. (2 svinbol for the summing 

benny) 

Divide the readings ite four subgroups of each 

the order taken 
1 Compute the range of each subgroup. Cligh minus 

low) 
5. Sum the four ranges 
(Clompute the (quotient of the ratio stm of reaching 

tor the stm of ranges 

7. Loeate the computed ratio on the horzontal seale of 
and read No off the curve which contains the 


The obtamed value of N° ow the 


bigure | 
desired accuracy 
total number of time study readings required to 
assure the accuracy desired. Note: There are curves 
for accuracy of 45° and +10° of the average. 
These curves give 05°) assurance that the true time 
study average will be within these + accuracy limits. 
The rationale for their development is contamed in 


Addendum 1. 


Director of * NM tient Research National 


m Cleveland. Chie 


Presently 
Justitute of Nanagenent Ine 


May-June, 1957 


The speeitice advantages of this svstem are: 

1. An extreme reading is given less weight, therefore, 
the system is more accurate than the single range 


te 


Required computations are simple and may be per 
formed quickly on the spot, 

3. The system is simple, graphie, and eye appealing. 
4. The chart could be reduced in size and superimposed 
on a& portion of the time study rating form. Tf thes 
were done, the constant presence of this system 
would do much to insure that the time study man 
would take the required number of readings. 


-% ———+ 


\n example of the required computations and use of 
the curves follows: 

let us suppose that the following listed time study 
readings of an element have been made. The required 
computations of TX and Tho are performed as shown: 
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Keacling Kanuee 


{ps 
\ 
\ 
\, 
\ 
\ 
\ 
\ 
\ 
\ 
\ {ps 
= Th = 
TA Mem T= = 07% 


Consulting Figure for accuracy of 45°, 25 readings 
are required. This means that 1 additional readings are 
required These must be taken mumedimtely simee this 
“Vatem assumes a homogeneous sample, aecuracy of 
t 10%. ts sutistactory, enough tine study readings have 
been tuken amd it may be assumed that at least 55. of 
the tune the true average tune of this element would be 
between £1057 of the sample average. For this example, 
10°) of the average confidence limits would be placed at 
O70 10 C079) or at OST and O71. Tt tiust be remem 
bered that use of Figure | requires that a dozen readings 
be taken and that these dozen readings be broken ito 
subgroups of Seach. Use of any other sample and subgroup 
“zen than these would require the building of other 
specie curves 

Should such be desired, substitution of the proper con 
stants nm the rationale on Addendum | would enable then 
construction. in plants, common practice 
lotuke an study of LO readings, a rensonable approxs 
mation of the required number of readings may be ob 
tamed by splitting the 10 readimgs into subgroups of 2 
each, performing the required computations and reading 
NO off the curve contaming the desired accuracy 

For illustration, the first readings of our 
example, the sum of the first readings 7S and the 
sum oot the ranges 1.0. -A 
SN ODE value of 15.6 gives a corresponding NO of 25. 

ft will be noted that the curves terminate at an NO of 
110. The chomwe of a termination was arbitrary in 
the sense that out of an infinite number of termination 
points, 110 was chosen. Nonetheless, a termination 
had to be selected, and in practice, itis likely that the 
savings in obtained by taking an No of, say 200, 


bout \ ~ and = Kt where 
Ke average range 
d, = mean relative range 
2 ~ but = here 
vin me number of subgroups 
4. For subgroup sample size of = and = 1.60% 


Aim ( I 


| 


and >\ = 


$5.4 


$54 $5.4 
= 
Th vn’ 


level of significance, four subgroups of three each and 


degrees of freedom 2.201, hence 45.41 7s 

Hy pothesizing various values of enables a curve of 
coordimates of and YA to be for four 
three readings each 
The combination of four of three each 
chosen as a prowl representative combination after many other 
eombunations of items and had been examined 


>a 
12.2 
$1 
It) 
Is Is 
12.5 


The same may be used for burlding a curve for of iw 


Setting 


he sh 

vA 

z 
ated fier wn degree. of 2A 


A curve for Wand for subgroups of each may be belt 


from the following coordinates 


would offset the cost of taking the readings i . 
Addendum 1 
Problem To find number of time study readings which wall give 
05°), contidence that true mean of the time study within +h \ 
ta’ 41 
j " Is 
/ constant at 1 «le 
grees of freedom and / 
level of significance 
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The Assignment Problem—A Special Case 


of Linear Programming 


By Richard bE. Beekwith 


7 


and Ram Vaswank_ 


Phe simplex and distribution (transportation) methods 
of linear programming (1) are bemg inerensinghy used tor 
~olving problems industev. There are. however, some 
special problems of the lear programming type which 
them own right Chie stich is the 


Introduction 


\s an illustration of situation where the 
is comstder the following 

tow different repair jobs. There a different buat) 
cost associated with the assignment of each erew to each job 
The Is te one erew te eneh separate job 
sucha wav that all erews are assigned and the total cost 
of the os 

Thus type ol con be translated te other 
different way to perform different jobs) ton 
seus to the total cost or time or distance 
traveled 

problems could abso the 
thom oof a erteron. Phos, it be required 
avatlable jobless stich a way that 
each person is assigned te one, and only one, job and the 
total production an appropriate stich 
is that the effectiveness of each available person for each 


taciities and jobs has possible 


bor tore cletathed Vaswans, i “The 
in tao Operations Henearch, 4 
& Ine New York. 1967 


The Cihie State € niversety 
arrangements for making the complete til 


otherwise 


( ‘These mre entled permutation 


matlrices— 


ty ba ty 
; 
4 
2 
pt? 
2 
; 


customary, zerem hbawe Crem the 


matrices 
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Certain characteristics of these permutation matrices 
might be noted. In cach matrix only one element in a row 
munity and all other elements are zeros. Simular remarks 
apply te elements in columns. This is so because the 
condition of our problem stipulates that each facility 
should be assigned to one, and only one, job and each job 
should be performed by one, and only one, facility. 

If we have a coat matris which gives the cost associated 
with facility job Jj, we could “cost” each of 
these six solutions and choose the muniunum-cost solution. 
However, for even moderate values of n this way of solving 
the problem, by enumerating all possible solutions, be- 
comes mnpractical, bor mestance, for n 20, the total 


of permutation matrices ts 

AY 2.492.902,008 176,640,000. 
No modern electrome computer would be able to solve 
thik optional asagnment problem by the cnumera- 
tion method within reasonable tine. 
Mathematical Model 


We shall now develop a mathematical model for the 


assignment problem using the following notation: 


J ob Joby Cy 2.8 & 
(fost assocmmted with facility to job 


with the a., real numbers, not necessarily bounded 


a 
facility assigned to (1) 
otherwise 
\ 
miatrix 
7 ‘Total cost of complete 


The assignment problem requires finding values of the 


r,s subject to condition such that 


zes 


has shown that this assignment problem is a 
special case of the distribution problem: of linear program 
ming (2). Tlenee it could be solved by using algorithms 
Which are appropriate tor solving the distribution problem, 
llowever, special and eflicrent techniques, called the 
Hunganan Techniques, for solving the assignment problem 
have been developed. These techniques are based on the 


following two theorems 


If the elements of a matrix consist of zeros and 


non zeros. then the munmnum number of lines that contam all of 


This theorem was proved by the Hungartan 
1) m (see ref Hlenee a technique ler solving the 
assignment problem which makes use of this theorem im called 
“The Hungarian Technique for the Assignment Problem 
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the zero elements i equal to the maximum number of zero ele 
ments no two of which lie on the same line. (In this theorem, a 
line means a row or a column 

Theorem U1: If from a matrix A = 
matrix D by means of the transformation 


we obtain another 


with and +, arbitary constants, the optimization problem in A 
represented by conditions 1, 2, and 4 i identical with that mm D 


Flood’s Technique 


Kuhn was the first person to use these two theorems 
for developing a technique for solving the assignment 
problem (6). Flood’s technique is also based on these two 
theorems and offers the futher advantage that it reduces 
the cost matrix rapidly and results in a substantial saving 


m time (5, 4). 
An outline of Flood’s algorithm is given below: 


4) Step 1. bLxamine the columns of cost matrix A, identifving 
the smallest clement (= each Form a new matrix 


1,’ by replacing with 


This new mato will econtam at least one null (zero) element om 
each column 

Step bind «a set of lines, that meludes all 
nullelement=of Let an,’ be the number of lines in 
there ion 4, a set of a null elements, no two of whieh are im the 
same tine, and the elements of these a positrons constitute 
the required solution 

applying step toon Table 2. we 
obtam matrix A’ (Table 4). A possible set of lines to mmelude all 
null elements m A’ of columns | 2, 4 ‘This mart 
consists of four lines. However, the minimal set of lines, which 
im this case has but two lines, consists merely of rows 3 and 4 
Hence = frows 3, 4) amda,’ = 2 

be noted that in some problems the set wall not 
beer 

(nn) Step 2) Tf ny’ < examine the rows of Ay’. rdentifving 
the smallest element (= min, Forma new matrix 


Ay by means of the transformation 


This matrix will eontam at least one null element in each row ane 
im each column. 

Now follow step before. If in, — there mim a set 
of» null elements, no twowol whieh are in the <ame line, and the 
elements of Ain these n positrons constitute the required solution 


(1) 


TABLE 2 TABLE. 3 
A | Vatric A’ 
Job 
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vi Step < let hy denote the smallest element of A, 
het line of Subtract A, from each element of A, not on 
and add Ay to each element that at an mnterseetion Of any) 
of lines of S all thee resulting 

Cheek by means of step 2if nme = 
Tf net, repeat the evele until at evele (where = 


=n Then mater Ay, will give the optimal so 


a= in above 


The accompanying flow diagram (Figure 1) mdieates 
the technique with individual steps. 

It might be noted, parenthetieally, that steps 1, 2°, 
and 3 follow directly from theorem TL according to which 
replacement of a., by d,,, where 

d a “ 
with #, and arbitrary constants, does not change the 
optimization problem (for a detained explanation, see 
rel. @) 

\ desirable feature of blood’s algorthm om that it os 
~ll-corrective in the sense that oat any stage we make 
an error selecting the set such that greater than 
the minimal number of lines required to cover all zeros 
‘hut less than in maton the computations are not 
thereby mvalidated. This type of error will automatically 


The applieation of blood’s optimal assignment technique 
will be illustrated by means of the following example: 


input 


A «Cost Motu 


Motris — 
(Ovtput) No 
8 
| Step 2 
| Motne a 
Motria A 
ves 
(Output) 
Motris A, 
} Motris Cycle 
(Outout) Recycle 


Nigerithm 
('vele from Step te Step 2 until at the earliest evele (where 


tukes on positive totegral values wa. Then matrix 


A pamt factory has ten dential manufacturing 
(numbered ¢ and ean therefore process 
simultaneously ten batches of pant It has orders 
for manufacturing ten different 
J 2O)' and although these ten paints are all 
sttitiar in the sense that they require the same processing 
time, they differ with respeet to qualities such as color 
Which necessitate that each paint be manufactured by a dit 


erent unit. The cost of processing any of these pamits im the 
same regardless of the unit on whieh it is manufactured, 

Hlowever, before a paint is manufactured on a unit, 
Is necessary to clean or convert the unit to make it surtable 
for the particular bateh! of pamt whieh is toe be manu 
factured. This cost of cdénversion would meluide the cont 
of cleaning the vats and kettles and will depend upon the 
color and quality of pamt that was manufactured on the 
unit before the conversion and on the paint whieh m te 
follow after conversion. the pant that preceded 
exactly the same as that whieh will follow, the cost of eon 
version, rartable with the assiqnment, will be zero 

We can now construct cost matrix A (Table 4) mn whieh 
each clement a,, represents the cost of comversion i units 
is converted to make it stutable for manulacturimg pat 
Thus we see from matrix A that of pamt is asagned to 
unit 3, the conversion cost will be SISO, for example. 


TABLE. 4 
1 


C'omt of Comversnon 


Pamt Ne 
Ne 

Subtract ¢, from each element of column) 


to obtain matrix .1,’. 


The problem is to asign units to parts mm such a way 
that the sum of manufacturing costs Simece 
the procesung cost for each pamt m assumed to be the 
same regardless of the unit on whieh it m manufactured, 
the problem im really to assign units te such that 
the sum of conversion costs is minimized 

We now proceed to apply blood’s optimal assignment 


tee 


Ab of 


Note tes conned creat Treen step feor the / th evele ure thot thee rem steel of t hee eur 
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TABLE, 5 
eal | 


Paint 


*** lines of S 
Subtract from each element of row 


pl ln order to obbtam matrix Ayo CPable 3), we tind 
the element each column of matrix A 
write ation the row below matrix A. bor mstanee, ZZ. 
ny 205, ete. We now subtract 262 from every clement 
m column 205 trom every element im column 12, and 
“oon, and obtum maton whieh has at least one null 


Step 2°) The number of lines which can cover 
and ny! on. Henee the optimal solution matrix has 


reached, 

Stop 2. Since <n, we tind the elenvent 
vw’ row of AY and write it on the extreme right 
of Phas ay’ ete. We now subtract 


TABLE 6 
Maduced Matris 

*** lines of S 


Adhd Stoeach element at the mterseectron of lines of S, eletent- 


a ia 7, and subtract 5 from each element 


that as not an NS, to 
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Y trom each element of row 160 from each element oft 
row 2. and so on, and obtam A, (Table 6). The resulting 
matox will have at least one null element in each line 

Step 2°. The of lines which can coves 
all zeros in matrix Ay os Henee the optimal solution 
riot been reached and We proceed te step 

Step 3. We tind Ay, the statlest clement of A), 
We 


add 5 to each element at the mtersection of limes of AS, 


all elements covered by lines of (hy 


and subtract 5 from each clement of Ay mot mS) to obtain 


1. (Table 7) 


| 


Point 


tweet 
1} }4 li ! ! ; 
*** lines of S 
4, 


Vdd to each element at the of of S 


ubtrvet from each element that not Se to obtam 


TABLE. 
VMatrir 


Paimt Ne 


lines of S 

"Add to each element at the mtersection of lines of Sand 


subtrnet from each element that im oot SS. to obtam 
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TABLE 
' 
of 
‘ 


tee element at the mterseetron of of S steel 


to 


trem each element that meat 


we reach mates CPable 10), where AL 
Phe optical solution matrix has now been reached “This 
optimal assignment os mdiented by the svinbels (te 


10 os with that the 
solution tn Table TO thee pen 
with respect to Table 4 

It is worth noting that for this example there are 


S00) 


‘arrangements of ten tints te ten techies 
The comverstion cost of em three pre 
arrangements will be between the cost of 
ane the maximum cost of SST771, with only one assent 
at each extreme, beenuse both the ounimnum-cost and the 
assignments are unique. CPhis can be 
for the former case, from Table whieh there 
but one set of imdependent zeros.) The 
figure of SS771 is obtamed from a problem related te that 
whieh bites te thre werst 
possible assignment. the of the 
“Cost assignment the of Conversion 
comts, a., is replaced by the new matron 

a (To make the elements of 72 tite non-negative 
ot then suffices te add the comstant (the 
largest clement im the matrix 1) te each. CPhis procedure 
is clarthed below.) The assignment resulting 


cost given tn Table 12. the 


TABLE. 


Notice that <inee our assignment Table has been Fame oof 
trom zero clements, no other assignment enn 
be chenper than the ome seleeted. Also. aecordimg to 
— 
theorem: the problem represented in Table AN 
Is 
bites! 
Lis 
| bad 
- y If, 
recall Phe optimal assignment be en S771 
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can be seen that any method or procedure that does not 
guarantor the selection of an optimal solution will result 


na total cost somewhere between the above two figures. 


Special Applications 

There are many special cases of the assignment problem 
three of which are briefly mentioned below. The reader i» 
relerred to Vaswani (7) for a more detailed discussion of 
this 

The problem of assignment might involve a maximniza- 
bor the sake of shall 
consider a case of profit maximization. Here, we start out 


thon eriberion. CONCTCLOHOSS, We 
With a profit matox C each clement ¢,, of which represents 
the profit to be earned by assigning facility 2 to job. 
Next, we convert matox C into matrix by 


ol the following transtormation: 


where. 


Mas ‘The element in matrix 

as ouriitial matrix Cike the one referred 
the cost this paper), we can apply blood’s 
optimal asagniment technique and proceed exactly as in 
the problern, 

2. Technological, legal, or other restrictions might pro- 
the assignment of a facility to some specilic job. Such 
a restmetion can be taken care of by setting the pertinent 
the J) one, 


a, 


Where Wis an arbitranty large positive number, Compu 


element, say 


fationally, the addition to, or subtraction from of any 
finite number results (effectively) in 

The number of available faciities might exceed 
the number of jobs am to be performed Cn nH). In sueh 


the cost matrix ean be made square by itroducmg 


n — m columns for dummy jobs and by assocating zero 
cost with the assignment of each facility to each dummy 
job. The technique for solving this case is the same as that 
discussed above with the exception threat step 2 wall be 


eliminated. 


Concluding Remarks 


Many analytic techniques exist for solving the optimal 
assignment problem. One such technique developed py 
blood (whieh belongs to the class of techniques commonly 
known as the Hungarian Method) considerably reduces the 
computational work, with respect yeneral 
techniques. 

The usefulness of the optimal assignment technique 
arises omnany situations such as the setting up of assembly 
lines in mass production, making sehedules for machines 
(especially those requiring large setup times) in job shops, 
studios. 


for shoot sets oo filo 
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Uncover HIDDEN PROFITS in your plant or shop with the— 


@ HOW FOREMEN 
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@ TIMESTUDY FUNDA- 
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- 5-volume McGraw-Hill 
PRACTICAL COST CONTROL LIBRARY 
By PHIL CARROLL, 1372 pages, 460 illustrations, only $19.50 


An expert on the subject, Phil Carroll, shows you 
exactly how to take on cost control problems» 
solve them at all levels in the plant or shop. Fore. 
men, supervisors, engineers, timestudy men all can 
use these specific facts, data, and methods to get on 
top of cost problems quick order. 

Starting right at the front line supervisory level, 
this Library points out the foreman’s responsilalities 
for costs—-gives scores of helpful suggestions on such 
typical oust probleme changing 
training new men, handling rush orders, eliminating 
waiting time, scrap, and so on 


and 


Timestudy techniques and applications 
From the ABC's of timestudy, this Library leads 
you step by step through the standard setting proe 
Complete, practical explanations cover the 
how and where to start, 


entire timestudy procedure 
building standard data, applying standards, 
maintaming a complete incentive installation 


A full explanation of the total conversion cost 
method of control gives you tested means of boosting 
profit and plugging cost leads 


Order your Uibrory from: JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W., Atianta 10, Georgia 
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A Manager Appraises Operations Research’ 


By KR. A. Norman 


\ithough this paper os entitled Manager Appraimses 
Operations Research’ itor more accurately an appraisal 
of Operations Svuthesims. [t bretly recounts the conceptual 
background to a study comducted im conpunetion with 
Professor Andrew Sehultz, and bos staff at Cornell 
[oniversityv, the purpose of which was to construct a model 
ofa business and to explore some appleations of the 
As oat ean only be comsidered a first step, 


The Term “Operations Synthesis” 

Operations may be considered as the appliea- 
tions ob the svstene Len bby 
definition, is together ob parts or 
Clements sous to form a whele” or “a whole made up of 
parts or elements put together.” To “svothesize’” is “to 
brig together into a whole by svothesis”” or “to form by 
together separate parts” As apphed to an opera- 
trom oor a business, svothesis im an attempt to erente an 
of the total business or svstem: termes of the 
mdividual elements or tunetions whieh go to make up the 
total svstens, 

\ business may be considered as a complex system for 
vetting certam work lone. toast enmses, if may bee 
sidered as a continuous process, operating ona closed loop, 
To take a simple example, in a business, 
raw tmaterials are transported lactory, 
processed finished product, moved through dist 
tion channels and sold to a customer, whose money is 
used to start the whole evele over again, or more properly, 
<ustam the entire evele, with the fond of 
that there is some money left over for the owners. The 
entire system oo made up of a number of not 
only the fleow cone processing of the maternal, but 
also the aequisition, delivery and storage of the raw mate- 
rial, the creation of a desire to buy on the part of the com 
sumer, the distribution of the fioshed stock, and all of 
the other work that makes up a business. All of these efforts 
are combined to finally deliver the te the 
cl tise, realize it value bent thie work performed, ane regener. 
ate the evele 

<“Vithesis om directed at what 


‘Prepared for the Tudustoal bogineenng Seminars at Cornell 
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the varrous funetions of the svstem are, how they 
ute to the total, how thev are mterrelated mternet 
Nore than that, it direeted at defining the 
elements preemely preferably mathematieally terms 
of the total system, so that they may be evaluated and 
understomd, and so that the probable efleet of a change of 
the tedividlual elements on other elements and on the 
total svetem may be gauged. exsenee, it an attenipet 
to understand the basic nature of a business system: with 
stich an understanding it os ole ter 
Play the techniques of research te better 


to accomplish the end purpose of the svsten, 


Scope of the Paper 
The following is a discussron of an effort that woe ds 
rected toward analvzing and svothesizing 
<vstem as an entitv. The studv diseased alone the 
lines 
The ature of thie 
2. The mutial ditheulties encountered im attempting te 
solve the problen, 
3. The development of new 
the solution of the 
1. The final development of a model of the busines. 
The eonelusions drawn from the model 
Some conclusions as to the general on the 


developed the study, 


The Nature of the Problem 
The Business Studiud 


The particular business under conmaderation the 
cathode ray tube business; that the design, 
and marketing of television preture tubes. The 
raw material is the glass envelope. Tn additron, a 
of metal parts are purchased and assembled to form the 
electron gun. Tubes are produced by depositing a phosphor 
screen on the surface of the bulb, vaporzing an ablunanum 
backing on the sereen, applying meine part, bakong the 
bull, sealing in the gun, evacuating the entire assembly, 
and finally, finishing the tube with a base and outside 

There are two primary markets for televisson preture 
tubes. The sale of tubes for use in orginal equipment is 
charactenzed by high volumes of a relatively stall number 
of different types, delivered to relatively few locatrones on 
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a highly seasonal basis. The sale of tubes for replacement 
use is characterized by a large vanety of types, sold 
through chetrbutors and service dealers all over the nation, 
again on a highly seasonal pattern. In recent years, the 
use ool “trade-in” bulbs, that os, the glass envelope trom 
a worn-out tube, has become a significant factor mm the 


replacement market 


The Prolhem 


The decision to restudy this business in itself assumed 
that the «vetem could be restructured to pertorm the 
total funetion more The question was 

can the same net service be performed with les» 
work? Tlow ean the be delivered to the customer 
for 

The obvious first port of attack would be to assume 
that one or more of the midividual functions om per 
formed This approach assumes first that the 
management of the funetion om less than effeetive and 
~coomed, that the group performing the study i capable of 
better understandmg of the funetion than those direethy 
responsible either or both of those 
are net untenable, for purposes of the study it was assumed 
that speotie funetions were performed effectively within 
the frame of reference in which they were operating. In 
other words, the relative of the mdividual 
Was accepted as given, the study addressed itselt 
to the structure of the organization and the relatrouship 


beet panes 


Whal to ( hange 


haven this assumption, beeame evident first 
that the possible areas for change were altogether too 
for “tral and error” handling, and secondly, 
that ne specie change could be evaluated madependently 
the rest of the system 

\n illustration will serve to pomt up the problem: The 
cose ahounventory poles the first place os Hecessary 
to determine whether mventory control is or is not an 
part of the total of the 
mventory control ber gate extremely 
Such ps primary coneerned 
With having the night goods availible in the right place at 
thie right inventory is a primary NIanage 
ment effort must be directed toward controlling this tune 
thon, On the other hand, om the turbine business, where 
are te specie order, finished 
stock mventory isa problem of a different order, Manage 
ment effort a directed toward desygn and production 
The ftaunetion of the business, the service per 
formed, is basically different. the first may 
well be, what are the Hnportant of thie 7 
llow mventory control? Where does it tit in 


the general scheme of things? Should considerable effort be 
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spent onmoit, or should at be relegated to a secondary 
position 

that inventory control is an unportant tune 
thon of the business, it then becomes necessary to deter. 
mine the extent to which other elements of the business 
can be sacrificed to achieve satisfactory imventory 
poley 

Here we are faced with a whole series of factors. From 
the marketing standpomt, the ability to serve customers 
must be preserved, but at the same time, the cost of 
warchousing must be gauged. From the manufacturmg 
standpomt, short-runs, set-up time, the variety of products 
in the shop at one time must be muiniunized. Prom the 
emplovee relations standpomt, lav-offs and tramung time 
must be lingineering wants to preserve the 
abulity to refine developments and bring out new product» 
without risking the obsolescence of finished in stock 
binanee is concerned with eapital tre-ap, as well as other 
costs 

One normal approach to this problem i to develop an 
mventory polrey based on expenence and, sometimes, on 
the relative domination of tmanulacturmg or 
mnarketing problems om the organization. Then an estimate 
Is constructed dealing in thus poley along with 
of simular poles to finally create a total repre 
sentation of the business. the net result is unsatistactory, 
Hos adjusted until a more satisfactory result is developed 
Ocensionally, two or three complete miav be con 
structed, each based on different policies, in an attempt 
to determine the most productive direction, but hortially, 
this is monumental task. Ideally, it would be desirable 
fo constrict twenty or thirty or more budgets, each re- 
flecting a different course of aetion or combination of 
courses of action. From these, we could) begin to develop 
a feel for some of the possibilities open tous, a feel for the 
relative balanee between elements of our business, and 
establish plains and polieres on a more logienl and ratronsal 

When the problem of studving our total business wae 
examined, we were faced with exactly the sort of problens 
discussed above, except that it was not restrmeted to in 
ventory control, it invelved essentially all possible courses 
af action, We were convinced there was a better way to 
operate the business; that the same total funetion could 
be performed for less cost. There were a number of possible 
avenues of approach, possible combinations of nianutae 
turing and distribution poles, which offered a chmanee to 
maprove the efliereney of operation. The number of such 
possibilities, however, was almost unlimited. Hence, the 
traditional approach of constructing total budgets of the 
entire business for a number of chores and combination 


af choiwes was completely mnpractical 


llow to Approach 


It necessary te develop sole sort ol technique 


that would permit us to determine 
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Where changes the svstem might) be posable, 
practicable, and productive 

What counter-efleets changes might have 

lt cauld be developed, the number of 
col attack could be narrowed down 
effort coneentrated on the arenas whieh eould be expected 
ter beer dine tive. Thus, with some of the 
mternetions mvolved we eaould set the 


the results of the total svstem 


The Initial Investigation Work 


“price i! ter review iti 
the mutial work that was dene on the preyect. ben 
belly Weeks, it wile ol nlleys Wiis explored, 
call bin hy us tur us 
answers were concerned. The Wits Very 
ob at the pts were developed Which leva] 
first, able te state the ad 
A bret review be helptul tally andes 


thee results 


oon the study, oat) evident that eNisting 
this work, it worthwhile te (lise tins 
some ob the reasons why traditional aecountig os made 
quate. To begin with, the bleetro Motive Force that keeps 
the whole svstem: gwomm poretits, these are tseally 
expressed in dollars. This bias led to the use of dollars as a 
ness sVstem. Ob viousiv, there enn be baste quarrel 
with this, provided at is remembered that dollar cost 
are tor tunetrous and not the aetual t penny 
or Work effort itsell \econmting is concerned with ae 
‘ conned com them te represent 
the net efleet of a seres of funetions. This Wits 
concerned with ond between 

This was precisely the sort oot difficulty that developed 
attempts to attack our problem. When we 
attempted the cost of ing chiflerent markets, 
we found our results confused by differences im plant 
W We Compare different 
Plant operations, we found our results confused by product 
or toarket differences 

bor example, tw tubes of the same type, sitting tna 
Warehouse, represent for all preetieal purposes, identrent! 
tems. Them source of manulaeture, the difference mm the 
ilistunee threes traveled tes wert ter thre Warehouse all 
the other tactors that preceded them arrival at the 


enees) cles not erente anv differential i value at that 
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pont. \ecumulative cost svstetis state two entirely 
citlerent Vialties. low practient chitlerentio 
tron exists. ther ultimate destinatron bas ne 
efleet on what thev are at that port. One may ge te a 
replacement timer, ut price ared with 
selling amd distribution easts. The other may go te an 
port when the tubes are sitting side ty side on the ware 
this makes mo difference im them value or then 
pen 

If we were faced with but a single or a few such “eros. 
ever” our probleny event see beat 
opraetiee such cross-over pomts occur repented 
threowugheut the entire system. bor example, glass breakage 
itt ener plants present 
ne differences, glhiss brenkage os pe 
of the price of thee cor thee wow 
Woes ter thee ated be treated sep 
arutely brom the neering creed teow thet 
Hatter, from any other stanmdpemt, it tnportant te 
that ten dollar invested ina glass envelope when 
broken. On the other banned. of that ten dollar 
anextra two dollar that could have been averded bey bet 
ter transportation methods, this has mo te 
As matter, the extra two cellars 
attractive than ot werk bee A loss 
by itself. The two are mterrelated, but they are 
Confusing the two lends te a vanety of talse 
conclusions When we attempt te analyze pon 

\ecountants, however, are comeernedd with 
costs te an ened reed few ter che thos 
they must comsnder the total loss at the where the 
breakage occurred. Their positron is, of course, valed, on 
that when the bulb was broken, evervthang that been 
spent omit te lomt, of whethes 
tires ‘Thos hy tell tis, er 
Whether efforts shotld be comeentrated on 
eenvable that mm order to get lower bulb costs, we 
want to take a little more brenkage, but this then get 
Into elheeney of equipment 

These rit ter shew the of 
pes we come as we worked with: 
records Pt was ter separate 
the funetions of our business, and to express 
them idependently. We kept working closer ane closes 
te the eentral mdea: the business a svete: of work 
tions, for hang certam work. ean 
analyzed in terms of how well it performs that work With 
full understanding of the funetroms to be the 
relative contribution of fumetrons, theme 


relationships, we have the opportunity to re the 
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“yatem to operate with greater efliency. Costs are a 
Valuable means of descriting work functions, but they 
must be recognized as symbolic representations of work, 
and not realities in themselves. This is particularly 
lant when we begin to add costs together and combine 
desenptions of different work functions. 


The Development of a New Approach 
A Schematic of the Business 


As these thoughts began to crystallize, and as we began 
to realize that the records at hand would not produce the 
required results at least them existing form we 
deeded to approach the problem ina new way. Our first 
step wae to lay out the funetions of our business in the 
form of a flow chart mm whieh we attempted to deseribe 
broad tertis what actually cote ith business. We 
Started out with various maternal elements that we pur 
Chase. The next step was the movement of those materials 
from the source of manufacture to our plants. At 
the plant, the materals are unloaded, mspected, stocked, 
and started on the manufacturing line. We continued this 
sort of analysis through processing, finished stock, ete., 
until the goods were finally delivered to a customer and 
our money came back tous. Obviously, a chart of this kind 
can be carned out om greater or lesser detail as the need 
warrants. In our case, because of the time limitations, we 
land outin rather simple form, but in sufficrent detail 
locover all the mayor faunetions of the business, all product 
Hines, and all customer classes. Basically, it was a schematic 
diagram of the entire business 

brom this chart we were able to split out, with a far 
degree of clarity, the separate funetions of the business. 
We developed a list of some fifty different elements, each 


With «a potential further breakdown by market or customer 


Class and by the emhty odd types we produce. Our criteria 
lor the separation of elements was primarily based on 


how they were eaused or created, and controlled. 


Slateoment of 


We then went through the list and attempted to define 
and desermbe cach one i terns of how it could be measured. 
bor example, starting with our raw matermls, we took 
bull costs. As mentioned before, this is an important 
Clement im our total costs. Bulbs are bought on an estab 
lished pree basis, with prices varving by size and shape 
total cost for a would be a funetion of 
the total quantity of each type to be proxaluced times the 
pree tor the bulb for that tines a constant to cover 
bull losses in processing. The next clement might be the 
transportation costs involved in moving the bulb from: the 
vendor's plant to our plant. This would be a funetion of 
the quantity of bulbs by size times the weight for each 
size times the freaght rate between the two ports. os, 
of course, a simplitied defimtion of this element, but we 
need not concern ourselves with the other variables at 


this pomt.) The clement might) be reeenving, 
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inspecting and stocking the bulbs at the factory. This is a 
different sort of element. Actually it is not directly related 
to the quantity of bulbs shipped in at all. A receiving and 
Inspection station is set up to handle some sort of a peak 
load condition and the costs of maintaiming that station 
earry on over a period of time regardless of whether the 
bulbs come in or not. Hence, these costs are a function of 
time rather than quantity. When management makes the 
decision to provide the ability to handle a certain peak 
load condition for a period, the costs are established and 
continue until management decides to change that ca- 
pacity. At the same time, although there is no lower limit, 
there is an upper limit to what the station can handle; 
hence, itis important to know what that upper limit t 
and, if we are to measure the efficiency of the system, the 
degree to whieh the capacity is actually used. 

In the same fashion, we proceeded through the entire 
operation. We took each element and attempted to detine 
and deseribe it; how it was created and how it could be 
changed, Obviously, this led us into considerable refine 
ment of our original flow chart and segregation of elements 
It is important to note that as T have desernbed them se 
far, these elements have certam definite characteristics 
lor example, they are both independent, and at the same 
tine interdependent. The cost of bulbs and the transporta 
tion charges on bulbs have no direct relationship. At the 
sume time, both funetions are influenced by the quantity 
of product flowing. The tunetions of receiving, inspecting, 
and stocking of bulbs are again independent of the price 
of bulbs or the cost of ovine bouabbos ane. If we have two 
plants located at different distances from our source of 
supply, th cost of received nt euch 
may be considered to be different because of transportation 
differences. The functions of receiving, tspecting, anid 
stocking, however, are independent of this difference and 
should be roughly equivalent (or of equivalent value to 
the end product) at both plants. 


The Development of the Model 


As we completed our definition of elements, significant 
patterns and forms began to emerge. First, it beeame evi 
dent that we were dealing with three general types of 
elements, secondly, we were running into a considerable 
repetition of data between clements, particularly with 
respect to common or at least interdependent multiphers, 
and thirdly, we discovered a significant amount of data 


which could be stated with fair precision, 


(‘lassification of bunctions 


Considering the three general types of elements, we 
found a number which we defined as quantity or volume 
multiplied by a certam cost. Other elements we defined im 
termes of tine: that is, continuing cost over a certain 
period of time. Still a third group required a definition on 
terms of both quantity and tine and, in some tistances, 
distance of movement. Tlencee, we broke our elements 


down mito three major categories, as follows 
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1. Product. We considered product as the elements 
Which flow through the svstem. They are the elements 
Which the svstem works on and which are, in one 
form or another, ultimately delivered to the con- 
sumer. In total, they are a funetion of volume. For 
purposes of definition, we treat them in terms of a 
wt. An example of a product element im our business 
would be the glass bulb. For everv tube we deliver to 
eclstomer, at some pomt of time, we must have 
aequired cone wav of product 
may be considered to be a funetron of design. 

bacility We considered facility as the itself, 
the organization, the manufacturing ane 
all the other elements that goto make up the business, 
are, by definition, a funetronot time, they re 
constant over a period on regardless of the 
volume of flowing through thet. It is met 
enough, however, to define simply 
of time. are a funetron of decision 
Vianagement decides to set up a facility to do a spe 
eihe job oor to have a certam capacity. Onee the 
os set ip, it continues tor a perienl on 
until management deenles to change it. Tt impor 
tant te Know what the on changes are. In 
for example the time mterval may be quite long, 
ustally a matter of vears. In the ease of specie 
production sehedule, the direet and mdireet labor 
manning that se established may be subyeet to 
change ma relatively short perod, a matter of weeks 
It is only in Knowing these limitations that we can 
determine how much latitude for change we have, and 
what we can do to meet changing situations. The 
sccond requirement in the deseription of 
facilities os the capacity of each element. As men- 
before, a taciityv is set up to do a certam job; 
by definition, it continues im existence over some 
of time regardless of whether it actually 
used or not. Tf we are to achieve actual maximum 
eHhemney, the should be used continuously 
at capacity throughout the peril This, of course, 
is rarely possible. If we are to determine the over-all 
Hheeney of the svstem, however, it is necessary to 
hnow the capacity of each element of facihty and 
the extent to that cupacity os used, or con 
versely, the degree to which that capacity is wasted. 

blow. Vhis was considered as the element of move 
ment of product through faciities. Tt mvelves the 
idea of the rate of movement, the distance of move 
ment, the number of starts and stops, the duration 
onterruptions of movement as, for example, in 
mventory requirements. [Pt imeludes, of course, the 
concept of demand, that im, the aetual 
requiremetts af the pout endl of the 
“Vstem Which, in many respects, determines the 


requirements throughout the svstem 
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Repetition of Terms 


This last category was, of course, that which led us to a 
recognition of the repetition throughout the system. We 
found, as we worked through our flow chart, that we were 
continually working with quantity faetors which, while 
not identical and subject to a vanety of breakdown, were 
nevertheless all interdependent and imterrelated. Actually, 
they were all derivatives of our output figures. By de- 
veloping the proper coetlicents and coupling them to 
certain flow characteristics, we could automatically de 
velop the entire flow pattern for the entire system for any 
given output over a specie peril of time 


Predictalulity of Functions 


\s we began to develop this general pattern, we came 
inte the third important area: a vast amount of the data 
required to desenbe our business svstem had practrently 
ne information content at all. For example, once we listed 
our selling prices for eoch market, we 
forget about them. We were no longer concerned about 
them; we were concerned only with the multipher, the 
volume fyzure, whieh of course, the real Theos 
is not to say that we could not or would not comsader the 
impact of a change im selling price, but such a change i a 
sngle class of data and need not concern the rest of the 
Similarly, onee we had the purchase price 
of the glass envelopes for each type (and note that end 
markets have no effeet on this) we eould forget them 
Again we were concerned about the multipher the 
Volume requurements, which, of course, was dependent on 


the output figure 


The Madel 


At this pot, we were ready to put the entire preture 
together im the form of an algebras do mot think 
itis necessary to gointo a detatled discussion of the expres 
sion of this meadel or the way it was programmed for the 
computer. this process, while important, 
the “erank-turning” step, and is secondary to the concep 
thomal step 

Sullice it to say that a model of the business was pro 
duced, programmed for a punched card computer. This 
model expressed each element of the business 
nots own terms and in termes of its relationship to the 
entire system It pres for carrying Volume require 
ments, facilities elements, and factors tos mde 
statements im such a way that variations any 


one or any combination could be mtroduced as required 


The Conclusions Drawn from the Model 


Basieally, the model accomplished the followimg: 
permitted us to analyze the funetions of our business om 
termes of relative inportance and semativity to change, 
and gave us a working tool to expermment with possible 


changes amd to mensure the btsnpmaet ol such change 
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lat us look first to the analveim of the funetions that 
make up our business, We found first, that in terns of 
lunetion, we were comsidering separate 
(1) the replacement busiess, and (2) the equipment buss 
ness Tn the replacement business, we were serving a market 
that stretches across the entire country, wherever televi 
“onsets use. Our market is created when a television 
breaks down; particularly when the preture tube tail- 
The owner calls in a repairtnan who finds the eause of the 
difficulty. not simply a retiuler of replacement tubes, 
difficulty is and to fix it. The set-owner must rely on hin, 
and them, this service dealer is our real customer for tubes 
toyel the partioular type of tube that ium required for that 
et, he yet at quickly and get at the set, 
“othe owner con have bis set back in operation. Our yobs, 
working through our distributors, is to have that partroular 
type ol tube available when he wants addition, when 
ios comsndered that the worn-out tube is traded i on the 
replacement as stich, as an Hnportant source of 
raw material, evedent that the whole logistics 
factory to the pomt of use, of adequate but 
nol excessive stocks of all types ol tubes. of moving cud 
bulls back to the pomt of use is an part of 
the funetion performed in the replacement market 

(Contrasting the equipment market with the replacement 
market, we find a different situation. Tustend of a 
large Variety of We few Py prem sty ler cat 
any oone time. Customers are few and centrally located 
Orders are tor thousands of tubes of a given Type, rather 
than a few tubes of a vanetyv of Shipments ure 
sheduled out om cearlond loots, pretlet packed, rather than 
single packed 


bunctions at NS 


With the help of our model, we were able to break down 
the funetions for each market with some, of 
course, that were unallocable te either and whieh had te 
corried ly thie It Wits possible 
look at each one terms of susceptibility toe change, and, 
partial the total fanetion performed in serving each market 
bor example, even though we assume that the labor cost 
at processing a tube tor the replacement market and the 
equipment market im exactly the same, as a per eent ot the 
af may Vary quite bon 
(amd these figures are purely hypothetieal), labor as a 
part of totalan the replacement market may amount te 
the equap ment market, it may amount to bo, 
or more. This, os not without Tf, 
however, we begin te eliminate some of the elements 
Which cannot be changed, this difference may be extremely 


significant. bor example, in our business, worrving about 
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base maternal costs (excluding material losses) im largely 
a Waste of time. As To mentioned before, pricewise it is a 
standard item, competitively priced in the open market 
lt is, and must be, a standard design item. bor every tube 
sold, we must at least one bulb, just hike our 
tion. Short of mm the glass business, there im littl we 
ean de except collect the money trom our customers sonnel 
vive at to the glass supplier, As such, basic material costs 
are a constant, [tos just a substance t happens ter flow 
through our system and offers litthe opportunity directly 
to us, as tube makers, for change. (Admittedly, have 
oversimplified this problem somewhat, but for our pus 
poses of the moment, the general thought wall suffice) 


Avenucs of ¢ ‘hang 


Taken on thos light, the relative importance of labor, a 
a possthle avenue of change, takes on a totally different 
light. On that basis, perhaps on the replacement market, 1 
become 20° of total, but the equipment market 
mav goto of the total susceptible to change. that 
weoenn to throw the two svstemes mito then 
proper perspective 

In aetually preemy our business together, we found that 
the primary areas for moproving the svstem for the replace 
ment business were in Phe elements of tran 
portation, Warehousing, handling, and mventory control 
were primary targets. We found it was necessary to recog 
nize the baste requirement for extreme flexibility 
facture and speci! handling of dud glass, to the extent 
that certam saerifiees in manufacture were im 
other words, we might) tolerate higher 
costs in order to get better distribution costs 

In the equipment market, the problem was quite dit 
ferent. The total area susceptible to change was less, 
necentuating the importance of each elenvent 
In examining this problem, we found that here our greatest 
contobution Was manufacturing and this was chiefly on 
the work that our faciity performed. Basically, we have 
bug ec the efliereney of our total 
<vstem: Was largely dependent on the efliereney with whieh 
we used this essentially fined faciitv. Qur problem here 
was largely one of good loading, long runs, limited variety, 
and peak operating eflicreney; factors whieh were, to an 
eXtent, opposite to theme the replacement 


market 
A “Dream” Statement 


Obviously, there were many other elements i both 
narkets that required attention cand study We were able. 
however, to get some meight mito the relative 
a each of them, the possitulity: of change, and where thes 
fittim the over-all preture. Then, through the use of the 
model, we were able to test them mdividually and in com 
bination. binally we attempted to construct a complete 
new model of the busiess, using the same tertis as we had 
used in our deseription of the existing business, but) tas 
loring the structure so as to best suit the speenie require 
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ments of our markets. bssentidlvy this was a “dream” 
tip lt reflected the could bie ter 
meet the existing situation and was not by consid 


detailed 


| thus with present treet comely 


thre as we tow know ot 


Us a tmensure of the potentil of the business, but 
thie ihe aureus of Wenk cnr pres 


ent stricture 


| ‘li 


earher, ap to this pout we worked within 
comditions. Phe next step, then, was to begin te vary those 
requirements and to posstbalitves. At this 
a deviee of this kind mot gomg te the 
tear os at te til dleeiions. 
or bor example, the elements that 
itis a relatively simple problem te a 
et “where dlown tip? bey fete cor Twenty 
percent. By making another run through the computer, 
determine what results could be expeeted 
conditions and begin te ourselves with what 
or correction would be required thie 
balanee. The problem of ehanmge bs 
alwavs diffieutt one, but at we have properly designed 
our god defied our terms, we ean measure this 
«ol brenking clown clerments, we 
com segregate these tenes that are truly afleeted 
ony beavis. cod those whieh renin constant 
revaurdless of muy 

we were able to the efleet of manu 
losses. This, of course, is a complex problem 
that at met results out-ol-poeket losses, but alse 
the eflienenev of the elements of the bars 
ness. bor example. it losses can be reduced, we can effect 
notoonly a direet saving, buat alse ean merease output ane, 
level of overall ethenmnev. By itroaduemg a senes of 
these results and wet some of the amount we 


attord expend neheve these results 


bor obvpous reasoms, Po owall mot go the speerhe 


$. In the equipment business, the problem of etherent 
utilization of the manuhaecturmg tacihty was of pr 
mary importance, to the extent where even 
tInarketing poles might be subordinated 
from this pomt on, we were able to ereet some new 
guide posts in re-establishing our obyeetives and plans fer 


the but tire’ 


General Conelusions as to Business Vlodel« 


What are the general conclusions we ean draw trom all 
this? What is the general apphealulity of such a method 
of approach? Tn my opinion, it is not only a very valuable 
ianagement tool but, as our business svetem grows 
complexity, it will become an absolute necessity. We have 
already reached such a degree of speemlization of Lumet ronal 
ned trameng that seme deviee ims sorely 
needed to the gap between sales, 
facturmg, and all the other funetroms: a device that wall 
provide mutual understanding of the 
the mterrelatvonship of rons 

Specitieally, the “svstems”” approach to a business, the 
chev of thee prrens les the 

better understanding of the business: its purpose, tts 

functions, and its meaning. On the surtace, thins 
fairly sumple thing. Tn ot os far tron sim 
pole, we get further away trom 
rites the puerto thee 
the total concept becomes more obscure to 
hunetions, and more ter tte 
cessful benny We have a 
te better tmlerstamd the needs of the 
marketing funetion, to appreeiate, lor t 
the lowest manulacturmg cost not alwayve the best 
business polev. We have a great need for engineering 
to more fully understand the needs of marketiy and 
Certamly we have a need tor 
keting to understand the requirements of both 
and Necessary, ans 
svVstem is a sVstem of compromimes, the 
problem of management im one ob 
the <vstem on proper sen of 
periortius its total wath 
‘To de this, ito necessary first to understand exactly 
What that funetion os, and seeand, to understand the 
contribution that each element makes to the total 
booth with respect te the woth 


respect to all other elements 


2. An appreciation for the meaningful information in a 
res tilts cob neral, We were able these xyxtem Aa fh rentiated from the wm the 
come system. We all know that examining 

1 We were tet two clistinet there im immense of data available 
Hiisinesses, tied together by a common technology beheve we are all dimly aware of the facet that the 
2 In the replacement: business, the problen of distribu bulk of this data perhaps 00°) of more 
tion Was of primary importance, to the extent that tieally no mtormation content. A relatively eon 
pots bee ~ubordimted poms fix thie puttern lew thie betas thee 
to some degree Is automatically derved trom therm 
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me try tocllustrate this pout) again on a some- 


What over-smuplified basi. Within the framework of 
our long-range plans, once we have set up a sales 
forecast for a pened and an inventory we 
have, to all intents established the entire pattern of 
the operation for that permod. brom this information, 
we develop a production schedule automatically. 
Prom the production schedule, we develop manning 
reaguirements automatically, and so forth. In other 
words, in establishing our sales forecast and our 
mventory poliey, we have set ito motion a long 
series of automatic actions, decissons, and limitations. 
events and understood the 
there is ne renal for further 
iormation or decison. Things do not happen at 
random, they happen according to a natural pattern 
strongly suspect that we, as Managers, spend 
a oour time worrying about decisions which are not 
am should not be matters for decision. We should 
concentrate our efforts only on those things that are 
not fixed by pattern: the things that can happen at 
random or that we can control 

Anu analogy, to this business of knowing what om and 
What not trom the Inaking 
Sandpomt noght be found in the automobile. Not too 
many vears age, we had tomake a large number 
at decisions when we drove a car. We had to advance 
the spark, pull out the choke, throw out the eluteh 
and start the car, Then we had to put iti gear, 
engage the clutch, and accelerate to the proper 
speed. We did all this by sound and feel and it repre- 
sented an mnportant part of driving a car. Actually, 
of course, all of these decisions were stibsndiary 
the general decision that we wanted to move forward. 
Qover the years, we have seen these decisions so recog 
mized and mechanisms built up to remove the neces- 
sity for making them. We now make the decision to 
start the motor by turning a kev and to go ahead by 
putting gear and accelerating. The car “knows” 
when we start the motor, we want it to keep preening. 
lfoat needs choking, it automatically provides it. If 
more power, it automatically shifts. These 
things are no longer subject to decision and, as a 
practienl matter, the car does the job itself lot 
better than we used to do at. 

The general approach which we are discussing is a 
means of segregating these different kinds of decisions. 
The decision to go ahead ina car is important; this 
we reserve to ourselves, The decision to shift) gears 
isnot moportant: this we do automatically. 

\s | said before, | believe we, as Managers, operate 
atabout 10° efheeney; of our time is spent in 
luddling with shifting gears, choking the motor 
sometimes dropping the fuel in the earburetor, when 
we should be concerned with the next bend coming 
upon the road. [we can determine what is impor. 
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tant what decisions really affect the business and 
what is or should be automatic response, we have 
some opportunity to do something about it and at 
least get to 20° eflicrency. The first requisite is bemg 
able to differentiate between the decisions that are 
sivnificant and those that are automatic or sen 

automatic, and hence, msignifieant. 

A mechanism for planning and controlling a business 
system. The model of the business, in addition to 
providing a basic understanding of the business and 
a means of distilling the mformation content, also 
provides an important planning vehicle and a control, 
or at least a feed-back mechanimm. Looking first at 
the problem of planning, we have the opportunity 
of first determining the areas where decisions are 
Hnportant, and secondly, of measuring the mnpact of 
an entire range of decisions quickly and easily. In 
planning our operations, we offen start out with a 
particular sales goal. We all know that the goul is not 
yong to be met perfectly to the last dollar and cent 

It has a margin of error, and part of our jobois te 
that margin of error, Equally tinportant, 
however, is recognizing What that margin of 
may be and determining what will happen Cor what 
should happen) if the full error is actually realized, 
Suppose relatively stable and we can 
prediet our sales within plus or minus 5°. or LOS 

Hlow should we plan our operations; on the low side, 
on the high side, or on the nose? To get an accurate 
appraisal, we should run out perhaps all three points 
and determine what the relative risks and rewards 
are. Sinularly, throughout the entire structure we are 
dealing with a limited number of unknowns. [TD we 
fully appreciate what those unknowns are, where and 
how they affeet the business, and, of equal mipor 
tance, Where they do nof affect the business, and we 
have a quick, economien! means of domg it, we ean 
run a series of plans and from them develop an 
Optimum, 

qifally important, however, is the use of such plans 
as measure of performance. Tere we mtroduce the 
possibility of feedback and control. Having selected 
a particular course of action, we have the opportunity 
of continuously measuring each function of the 
business against that plan. As deviations ereep in, as 
certainly they must (and the deviations are the 
really nmportant elements of control), we can mens 
ure ther unpact, determine what freedom: of action 
we have, and make the appropriate adjustments to 
maimntan the proper balance throughout the system. 
In other words, this can become the automatic shift 
that puts the svstem in high gear at the mght time, 
or switches to low when the hill gets too steep. 


Conclusion 
Today we are just beginning to appreciate a few of the 
possibilities of automating the business of running a buss 
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ness. Tf we carefully examine the system as a system, we 
find that there are vast areas that are, in the final analysis, 
Inechanistic responses toa relatively few important specu- 
lations or decisions. We have tremendous opportunities of 
ordering our data and our communication system im such 
a Way as to effectively control our mdividual businesses 
and to mtroduce the feed-back sVstems necessary to that 
control The surface is just bemg seratehed, and much 
remains to be done 

(comg back to our autOmobile analogy, there was a day 
When the understanding of what went on ina reciprocating 
engine Was Very difficult and esoterne. Today, most of us 
are reasonably tanuhar with this kind of a system. The 
designers have developed change after change that has 
simplified and inproved the business of driving a car. Most 
of the old levers and pedals are gone. Some of us mistrust 
throne developments, but on the whole, they ure 


practically standard equipment, 


In this field, we are at the stage of putting the first few 
models together. The posubilities are beginning to shape 
up, but the general understanding of what we are trying 
to do is still difficult and Lean fully appreciate it, 
if what | have had to sav above im nonunderstandable 
Regardless of that, | would like te convey the theoght 


that exploration of this field the automation of manage: 


ment can be a valuable and rewarding pursuit. |, for 
one, beheve that it is mevitable 

Qhur last thought: In the event that the idea of auton 
thon of management is frightening, let me remind you 
that it i merely a means to an end. CGomg back to the 
automobile analogy, the automatic chokes, automatre 
shifts, power steermg, and power brakes, have been a 
material and to the drivers with good judgment, but the 
drivers with bad judgment can still numnage to smash ther 


cars up With neo trouble at all 


Helpful aids on new fields of business development 


What scientific research is 


accomplishing 
* and what it can mean to you 


provides a sale look at a year 
evervelay how sereontitn research carries! nal what ts 
accomplished. and how itis our lives 

With the penetrating analysis tor which Fortune is famous, the 
wives a clear, witinnate peu ture of the new teritists ame 
shat ure se wale as the \rthor 
the long range plans aml activities of such 
organizations as the Bell Telephone Laboratortes, and the role of the 
lone mventer 

fhe authors show how researchers hawe be clevelopy new 
col them. Waves tor salt water. «cles 
«be new metals. comcenver] the 
chemetry to the of the larmer, extracted pemwer trom the 


THE MIGHTY FORCE OF RESEARCH, By the Editors of 
Fortune, 308 pages, 5} « 8, 21 illustrations, $4.00. 


How electronic computers can be used to solve 
your business planning and control problems 


treme rs armel new of reseanr h 
can help solve management problems m explamed im nen technwal 
terms thes volume thoroughly surveys business planning anel 
control problems, and mtegrates them with the singelityinge tech 
nejues of clectrome data processing bull awl is given lor determuning 
which type of data processing system will give vou mformaetion es 
sential te an etlective operations research program, as well as which 
elec equipment is best suited to your needs The shows hew 
the new machines operate and desenbes each type Scores of actual 
uses are dese with case stuches provweled Here is a new comcepet 
of management comtrol tor large aml small the rete 

yratecd! system linking all vour needs tor vital data with all 


them bw elec tronm means 


ELECTRONIC COMPUTERS AND MANAGEMENT CON- 
TROL, By GEORGE KOZMETSKY, Manager, Digital Controls Division, 
Litton Industries, and PAUL KIRCHER, Associate Profesor of Accounting, 
University of California at Los Angeles. 296 pages, 6 « 9, 10 illustrations, 
$5.00. 
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BOOKS 


INTRODUCTION TO OPERATIONS RESEARCH 


bv Wesr Caurcuman, Russece Ackorr, ano E. Leonarp Arwnorrs, all of Case Instrtutc 
ot Tex hnology, in collaboration with it other experts Provides the prospective user of opera 
tions research with a firm basis for evaluating the ficld and tor understanding its potentialitics 
and procedures. For the reader who plans to become a practioner of O. KR. tt offers a survey of 
the field and a foundation on which he can plan the further education required tor competenc« 
with the methods and techniques 

This book 1s the only introductory text on operations research. It emphasizes the method of 
approaching research from a scicntiti: viewpoint and stresses the importance of defining manage 
ment problems in terms of objectives and of administration of O 

Several interesting and lucid case examples are given to illustrate the methods and to point 
up the important implications of OLR. tor ies and industry. For example, en 2 includes 
a case tilustrating the idea that the aim of O. Roots to obtain a systems or over-all approach to 
problems The case example in Chapter 3 dramatically shows the reason tor including a variety 
of disciplines in an team. 1y57. 645 pages. $12.00. 


PRODUCTION FORECASTING, PLANNING, 
AND CONTROL, 2nd Ed. 


by Mac Niece, Special Representative in Europe, Johnson & Johnson. Distinctly unusual 
im approach, this hook reduces the methods and techniques of production management to a set 
of princeples, then illustrates these principles with specific examples of cflective applications 
While it covers the subject from the engineering viewpoint, 1 supplements this treatment with 
material on social and cconomi implications. This ts necessary, the author maintains, becausc 
successful forecasting, planning, and control depend on their correlation with human and cco 
nomi welfare. As in the firse edition, the text includes chapter summarics, questions, discussion 
cases, and a master problem at the end of the book 

beatured in the second edition ts material on automation, a chapter on specialization, stand 
arndization, and simplification, material on operations rescarch, a section on level production, 
and a first-hand report on production education and practices in Europe 'y§7. 374 


pape $8.25. 


SUPERVISORY AND EXECUTIVE DEVELOPMENT, 
A Manual for Role Playing 


160 YEARS 


OF FUBLISrING 


by Norman Rob Mater, University of Michigan, Atten Ro University of Marviland, 
and Avesua A. Mater Provides an opportunity to practice human relations mcidents in lit 
like settings. The cases selected-by the authors are realistec industrial problems — the first time 
such contlits have been presented in the rolc playing format. The volume ts also a carctulls 
planned caschook, designed to stamulate the discussion and analysis of critical tssucs in human 
relations 

The incidents selected always highlight the bast principles of human behavior. About halt 
of them illustrate principles in management leadership, conterence skills, ways of recognizing 
and dealing with teclings, and problems in group settings. The remaining halt illustrate prin 
ciples of effective relations and mutual understanding between individuals. 1957. 330 pages 
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LOOKING FORWARD 


Robert Fulton’s marvelous steamboat 
fired the minds of forward-looking men 
when she churned up the Hudson 


in 1807. 


To the House of Wiley, founded that same year, 
the Clermont’s voyage opened up 


a new and exciting frontier in publishing. 


If America were to exploit her new industrial age, 
pioneering books would have to be provided. 

It is this demand — greater in 1957 than ever — 
that Wiley has been meeting successfully 


for one hundred and fifty years. 


Today, the Clermont’s atom-powered granddaughter 
slips through the seas ... 
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and, planning for the future, 


John Wiley & Sons looks forward to publishing 
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in all areas of pure and applied science. 
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The MAPI Formula—Kstimating Function 
or Analytic Model 


By Harold O. Davidson 


Operations Office 


The stimulus for these remarks is Orensteen’s 
“Topics on the Formula’ in the November Decem- 
ber 1956 issue of this Journal (1). Orensteen observes 
fand others will doubtless confirm this) that) semantic 
difficulties appreciably interfere with an understanding of 
the conceptual basis of the MAPT Formula. by showing a 
developunent of the MAPT Formula through the orthodox 
minions cost formula, in Part bof his paper, he provides 
a more straghtforward approach to the problem than 
most mdustral engineers will find in Terborgh’s discussion 
(2). This ts a positive contribution 

Part 2 of the Orensteen Paper contains an excellent 
demonstration of how obsolescence may be taken inte 
aecount in the rate of return or capital re- 
covery periods or in salvage values to produce essentially 
the same results as the MAP Formula. Here again the 
approach ol thus paper seeiis conducive to a clear 
inte the matter than is provided by some previous 
discussions. Part 2 of this paper also endeavors to answer 
erties of the MAPE Formula and then finally 
undertakes support of the conelusion that ‘it is the ‘best’ 
approach to equipment analysis currently available.” 
While there is much to be said for Orensteen’s appeal to 
pragmationm in countering the erties, his answer 
appears to have been achieved more through an inpertect 
apprehension of the position than through a demon- 


stration of the fundamental soundness of the MIAPT 


It ts in the following discussion to set 
up a conéeptual framework ino which both the MAPI 
proponents and erities’ positions can be clearly defined and 
the merit of exch position be assessed. [tis too much to 
expect that this effort willend all argument, but itis hoped 
that permit further discussions to be carried on to 


preater 


Estimating Funetions and Analytic Models 


The provision of a quantitative basis for decisions on 
equipment replacement is problem oi prediction. 
Formulas used for making predictions may be categorized 
generally as “estimating funetions.”” Within this general 
eategory of estimating functions there is a special class of 
estimating functions which we shall call “analytre models.”’ 
We presently endeavor to define clearly the difference 
between the special class and the general category of es- 


At the moment we must establish the 
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unportance of making this distinction by an assertion (to 
be supported later) that much of the confusion in argu- 
ments over the MAPI Formula is due to the fact that 
critics of the Formula have, for the most part, directed 
their skepticism to its validity as an analytie model. 
Orensteen on the other hand pleads that only validity as 
an estimating function need be established, although he 
contributes to the confusion by sometimes arguing in 
behalf of the Formula as though it were an analytie model, 
We have allowed ourselves to get this much ahead of the 
argument in order to suggest that an examination of basic 
concepts will be highly profitable. We return now to the 
definition of estimating funetions and the special class of 
analytic models, 

The general category of estimating funetions is perhaps 
already quite well defined with a statement that it includes 
all formulas used for predictive purposes. Tt is not neces- 
sury, fora formula to be considered an estimating funetion, 
that one be able to demonstrate an analogical correspond. 
ence between the formula and physical reality. That ts, 
itis not required that each fundamental characteristic of 
the actual situation be identifiable with an abstract element 
of the formula or that relationships between abstractions 
in the formulas bear any analogical resemblance to rela- 
tionships between physical elements of the actual situation 
us we know it. 

This point ean probably be made clearer by means of an 
example. Consider the problem of predieting the relative 
frequeney with which LO or fewer heads will appear when 
100 coms are tossed. The familar Normal distribution 
can be used as an estimating funetion in making this 
prediction, and it is Known from expenence that i the 
number of coms is reasonably large the predictions wall 
be very good. Nevertheless, we cannot show a very good 
analogy between the physical characteristics of the real 
situation and the Normal integral. We may, for example, 
pick out an abstract element x" in the equation which 
sects to correspond with a number of heads to be expected 
In tossing a set of cons. llowever, we see that x" in the 
equation is a continuous variable, whereas the number of 
heads appearing in the physical situation must be a dis- 
crete number. The analogical correspondence between 
formula and reality is indeed not very great, 

This same example may be used to define the spect! 
class of analytic models that we spoke about earlier, for 
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the desired prediction on relative Irequeney can also be 
obtamed by use of the Binomial distribution. There is an 
Hnportant difference, however, in that each abstract ele- 
ment in the Binomial formula can be shown to have close 
analogical correspondence with an element of the real 
problem. In the formula we find an x" that is a diserete 
variable and “behaves like’ the number of heads in the 
real situation. We also find ann’ that we can relate to 
the total number of coms in the actual situation. And we 
finned a cpaantity “p which seems to be the probalbnlity 
that any particular com will come up heads. In this ad- 
mittedly simple and well-known example we can feel quite 
confident ona prion grounds that "x" and “nn” will behave 
in the formula as they do in the real physieal situation. 
We would also expect, prior to empirical verification, that 
“po will be essentially a constant for all comms as it is pre- 
summed te bean the model burther, we oN pect that for all 
practical purposes the value of “p™ is OO. It is worth 
observing thos pomt that eertam of the SUP Positions 
that have gone mite the analytie model can be empirically 
tested without the necessity of veriiving the entire model, 
We ean, tor example, test the constaney of “p” and if we 
should by some chanee find it} to be appreemably variable 
one com to another the model could be modified 
of the distribution ftunetion). On the 
other hand there appears to be no wav of validating the 
estimating excep by the full-scale 
eal mvestigation: or at least this would be the ease of it 
were not for the famulanty of our dlustrative problem— 
Hot were not tor the fact that the binonual analytie model 
has already been verted, and the normal distribution ps 
te be an estimation fumetion for the binomial dps- 


The Argument on Model vs Estimating 


bunetions 


between the general category of estimating 
the special class of analytre tedels is not an orginal eon 
of this paper. Phe concept is, in faet, central to 
one of the age-old the art of 
predietion. The designers of physical systems have in 
heavily toward the use of analvtre nvodels for predic. 
tions, Whereas the designers of 
have reled almost exclusively on estimating 
and screntists comeerned with realm of physteal 
are as a rule severely sheptieatl of estimating 
tiotis, except Where these funmetious serve as a means 
col cobet approsituate numerical answers to ulremdy 
Validated analytie models Cause of the normal distribution 
as an approximation te the for example). Among 
thie advantages Clammed tor analvtie models (with or with- 
out the auxiliary use. of estimating to obtam 
approXimate timerical answers) as agaist estimating 


functions ure 
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‘The development of these models promotes meaght tte the 
real phenomenon promotes “hnow why'’ as agaist mere “know 
how 

2. As « general rule models of highly comple. phe 
nomena may be up preeemeal with each part bemg validated 
separately ata rela vely modest scale of mvestigation. bstomat 
ing funetions on the other hand must usually be walrdated om ther 
entirety, and frequently can be validated only by a very large 
scale 

Predtetrons of the behavior of svsteme not vet constructed 
can be made with analy tre models simply by meerting appropriate 
values of the fundamental parameters Hut simee parameters of the 
estimating funetion deo not have analogical correspondence te the 
physical situation, predictions for other than those on 
which the estimating funetion was validated comstitute a pas 
tieularly form of extrapolation 

1. Beeause the analytic model attetipts te achieve an abstract 
analogy with reality there is a requirement for logreal rygor whieh 
does not exist in the development of estimating pe 
possible. therefere, fer investigators te cheek the 
logical adequacy of an analytic meadel before meurring the expense 
of empirical validation. This type of examination im much mere 
diffteutt with respect te estimating t totes clefeetive loge 


The other of the dloes not contest mere 
of analytic models, per se, but simply questions the trust 
fulness of this approach on the design of 


systems. The following claims are often made: 


| There are many extremely complex problems for whieh 
The use of estimating funetrons these eases om cdretated bey 
necessity, 
2 The piecemeal development amd verheatron of analy tre 


of comstderatle the latter ense TH 


ate Che 

+. The cal validation of 
fret be easter than the vertheation of analy tre 
This «0 existing data may be adequate tor 
validating an aggregated extimating funmetron whereas the 
mation required te validate a cdetashed analy tre 
tate establishment of an expensive data colleet teed 


While it ts clear from the foregemge disctssson that there 
ismert on both sides of the argument, it is alse clear that 
long-range progress in the basie and appled aspects of 
both plysieal and soem! serenees hes the direetron ot 
analytic model development. This. trend 
accented the case of the Tndustral profes 
sion (see, for example, the paper by DG. Maleolm whieh 
appears in the same issue of this Journal as Orensteen = 
discussion) Ch). It not therefore, that In 
dustrial are merensingly 
with the concept of analytic models, or that many of them 
should have this coneept in examining a 

It alse appears reasonable that one might take the 
pomt of view when it is suggested to him that the new 
tee will expheitly tuke obsolescence 
It seems altogether natural to mterpret this as a representa 
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thon that certain elements of the formula behave 
analoayeously to the phenomena of obsolescence in the real 
world. Tt would not matter, however, if we were to advise 
all the anterested parties, “this formula is an estimating 
validated, assumptions concernmg the nature and effect 
Ob With the pro 
lemon an aetively growing titerest i analvtie 
quite proper that all techniques, old and new, 


bye thus ol view 


The Formula as an Analytic Model 


ln this Wwe accept Orensteen’s position that 
secquential Whether are arrived at 
by yuessing or by some other menus. Indeed, the develop 
ment of most successtul analytie models has been chur 
by a large share of pituition (oe iti thie 
mitial phases With the coneept of analytre models in 
mind, however, its not posable to agree with Orensteen'- 
position that the question, good are the assump 
question, good are the answers?” [tis entirely pos 
thle tora tormula to give reasonably good answers because 
at fortuitous compensating eflects within set of poor 
there have been imestancees in the 
lostory of where techniques have 
evolved through the addition of new asstmptions to com 
ponsate for the effeets of bad tutiil assumptions 
of the Barth Mernck batygue bornulas on 
Chapter tol Reference Tt ean be seen therefore that 
as the “question” pertains to the validity of the 
as an analytic model itis Orensteen who 
the relusig te consider the validity 
At the same time it should be clear 
the light of discussion that while stecesstul 
defense of the baste assumptions would go far to establish 
comlidence the formula, the to defend these 
hoes tot preyudice (orensteen s the 
useclulness of the formula as an estimating Since 
this dlaes appear to be Orensteen’s position, comparison 
to that of the erties who seek an be conte 
aflord that the ptions are not realistic 

Which os not too difficult to demonstrate in any cose 

The most obvious unrealism on the standard assump 
is the supposition that each suceeeding 
machine has an operating cost) lower, by constant 
than that of a new replien of the previous year’s 
machine. Tos a logienl comsequence of this assumption 
that as the machmes are year alter year, even 
tually there is developed a machme which has negative 
operating cost) which of course absurd. This is not as 
apparent Orensteen’s paper as it maght be, simee alter 
the assumption the author mecorporates its 
eHeet not as a decrease in the operating cost of the in 
proved bart as an cooperating: cost in 
crease tor the old machme. While both treatments lend 
Ultimately to the same formula, the former clearly shows 
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the af the obsolescence whereas 
the author's line of development may leave the matter in 
obscurty for the casual reader. 

The assumption of “identical adverse minimums” wall 
be seen as unrealistic if one examines the operational 
logic of the argument. Unfortunately, Orensteen’s dis 
cussion on this particular leaves the matter no les» 
confused than he found at. Elis argument reads in part 


iis follows 


In formula (10) we have determined ¢g for all future challenger- 
to be the same as that of the present challenge, qo The tterest 
rate is to be assumed the <ame for all future challengers. There 


remains the adverse minimum and the acquisition cost. Terborgh 


chooses to fix the adverse muanimum by his second standard of 


Since he assumes that the adverse minimum of all 
future challengers is ndentieal with that of the present challenger 
it follows that they must likewise have tdentieal aequisition 


We are now prepared to the ol 


‘The 
two standard assumptions would be tautologreal had the 
would be incomplete. With this in mind, Terborgh obviously 
prefers to fix the adverse minimums. thereby also fixing the 


Costs 


The first sentence of the foregompg passage is not funda 
mental to the matter at hand, but it does illustrate the 
Hoprecise language in this part of the paper. The statement 
appears to say that the constaney of g is a consequence of 
formula 1O, whereas itis perfectly clear in the preceding 
parts of the paper that the development of formula 10 
follows from a prior assum plion of the 
This same neglect of operational logic is manifest the 
matter of the adverse as agaist fixing 
the secquisition cost It is interesting that the question 
Which miust almost necessanly be faced in developimg an 
analytic model has apparently not oecurred to either 
Terborgh or Orensteen, namely: which os the mdependent 
and which the dependent variable? one takes the pont 
of view that the formulas not an entity in itself, buat 
intended te have some sort of analogical correspondence 
with the real world, itis apparent that one cannot in any 
operationally sense “tix the adverse 
thereby also fixing the acquisitions costs” The adverse 
isa dernved abstract quantity, which emerges as 
a consequence of the definition of certain mdependent 
variables and the relations them.’ [tos clear there 
fore that mo matter what sand about ndverse 


the logical operation actually performed here 


When there has been a seortitige cout need 
than Orensteen finds it) A*rensonably careful applreation 
“these two standard would be tautologieal bad the 
cost) amd given earher in thee 
that the, are Varinble- If these are 
ot weld seem te prove that the, are 


otherwise, 
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lor all future machines. While this asstumption is net 
on the basis of ther historeal perience that is sone 
Whit 

The Wwe above have bravery shown 
to comstitute observable deviations trom realitv. However, 
analvtire toodel on whieh te base 
poliey ois its asstmption as to the nature of 
obsolescence. Tnsotur as the MAPL portrays if, 
Obsolescence consists in the development of new machines 
Whieh are improved, but) “funetronally identreal” with 
respeet toe the old. Prom the standpomt of, sav, a lathe 
looking at bis produet line this be a 
complete dese ript of obsoleseener There ure 
many firms, however, for whieh this os but one of several 
Of obsolescence thaset taken phates in 
thier on \ machine may 
machine Whieh combines its funetion with that of several 
other old machmes. \ mache also become “eller 
tively” obsolete beenuse the entire process Whieh it os 
emploved ners obsolete oon 
may come about not merely because of the development ol 
‘ itt clesign chietiates the tine ol 
hie: col design changes on tianagement of 
the equipment mvestment is potentially great any 
highly competitive consumer goods Tt ean be 
lew that when the 
switehed te all-steel design the woolworkmg 
machimery formerly, used this suffered a type 
of obsolescence of whieh the pl tukes ne 
eomnizance. Becntuse this al the tature of 
eonee os tar more difheutt to the MIAPL 
thee beens of decrensing comt 
improved Peace thie Ses ol 
Host seriots limitation on the potential usefuliess of the 


MIAPT approach asa general analyte 


The MAPLE Formula as an betimating Function 

the preeeding section of the discussion we have sided 
with those erties whe. lookiw at the NIAPL bornwla a- 
ano model, have towod bitthe te prame trons 
this oof view. Thad this examination cneouraged 
behet that the ought be a good analytie 
there would be. a prior, an prestnipt 
lor rensonmably good answers. this test, the abslity 
of the bortnula to produce satistactory answers as 
equivalence of the bormula to older methods cer 
trmlvy shows that the answers obtamable by use of the 
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other methods, Moreover a> would appear that, as an 
estimating funetion, the MIAPL Formula not limited te 
applications om which obseleseencee conforms to com 
paratively narrow concepts adopted in development of the 
formula. To rationalize this one abandons the effort, such 
as Terborgh and Orensteen have made, to give literal 
interpretation to the factor g and treats it as a purely ab 
stract deviee which can be manipulated to essentially the 
same ends as are achieved by varving the mterest rate on 
capital recovery perinl methods how one 
yors about selecting appropriate values of g when it 
regarded simply as an abstract device im net entirely clear, 
bet bases for the selection could undoubtedly be worked 

certo it tole that the of 
Ing equipment investment im handled terns 
of the MAPT formulation. [t appears doubttul, however 
that many persons famuhar with methods 
weld find at worth the effort to achieve facity with the 
conceptual ratronalizations and the unique of 
the MAPL approach tor the purpose of replace then 
established procedures, albert they ought tind profit an 


examination of the 


Conclusions 

The this disctisston bas been to taking a 
partisan stand for or agaist the MAPI 
rather to show the expstenece of several 
ible pomts of view te: the positions te whieh 
they apparently lead on the basis of the existing evidence 
In particular we desire to aver! any suggestion that there 
should be a general endorsement of reyeetion of the SIAVT 
recommended. Elim belet that “il the te 
bey reuse ol ites there will bie it 
thom te national wellare ter supported 
enthusiasm: than by oo demonstration of brew 
national welfare will be enhaneed by tnnversal enapley 
cof the NEAD on preference te leuving thie 
selection of methods in the reali ot rial 


oor 


Summarizing 

The prineiple of this discussion bias been to 
show that the Formula may be examined im two 
different trames of reference, and to suggest that recog 
nition of this difference i posable view pomts ean pre 
vidde the basis for more profitable Phe distin 
thon stiggestedd is between a general category of eatimating 
functions which all) quantitative 
methods avd a more restrictive of this 
analyte ls When thus tenn if 
‘appear thecal of thie \l 
bormula have to do with it= valelityv as an analytre 
examination of the MEADE Cheat the 
erities occupy a strong position on this 


opposing position bas been argued by Otren 
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steen, one of the more lucid eX positors and proponents of 
the MAMI Formula. Examination of Orensteen’s position 
midieates that he dismisses the question of analytical 
model validity (with an apparent lack of appreciation for 
its ment) and pleads his case entirely on the validity of the 
lormula as an estimating function. The argument in sup- 
port of this position is sound, though it does not demeon- 
strate conspicuous supenornty of the MAPL Formula to 
more orthodox methods. An additional argument favoring 
adoption of the MAPL Formula has been 
offered by Orensteen, but in the absence of support for the 
contention it appears to have little bearing on the matter. 

Stnking «a balance on the current state of the MAPI 
bormula debate, it appears that proponents of the Formula 
ean establish a good case for its practical validity as an 
estimating funetion whereas eritics can pomt out serious 


defences as an analytic model, 
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I, KE. OPPORTUNITIES 


Private Placement Agencies are an excellent source of employ 
ment tsformation that should not be overlooked) Some serve only 
ue on clearing house of information and others require excessive 
flees There are many that provide a very useful funetoon to the 
engineer secording to bis tadivedual need) Tn many cases the fee 
in prune boy the employer 

Some of these services are. (1) Preparation of restmes, (2 
Counseling, vocational guidance and career planning, Ch) Select 
distribution of resumes to speetie firms, (4) Coded avatlabality 
listings in national publications and bulletins, (5) baecutive 
for of sedividuals, (6) con 
corning tenet comditions and reports (7) 
locnl agencies have rational contacts 

net for the Tob Opportunities Servier to recommend 
sprooihe Information i available telephone 
dhrectory, newspaper elassthed advertising and technical publi 

Contact vour Chapter Opportunities Service ¢ ‘hairman for the 
latest in the more complete monthly Bulletin. Information 
ou Whom to contact concerning speoeihe will sent jeer 

milucational ane governinent agencies 
make hnown tous vour Lodustrial gineering openings for coded 
listing in our monthly Bulletin 

a free service comducted for the benetit of the 
Profession 

Direct vour correspondence to Maleolm Mo Wreske, Poh, 
Chairman, Opportunities Service Committee, Amertean Lustitute 
of lndusirial bngineers, Dept. OP, 15 North High Street, 


15. 


188 THE JOURNAL OF INDUSTRIAL ENGINEERING 


MEN AVAILABLE 


Wi? 7 ves. Management Engineering exp. in U.S) A. Desires 
career position in foreign service of US. firm with produc 
thon operatione- abroad 

yee. exp. in Consulting, Government Service, Chief 
Technical Director, ete. Interested in top man 
agement promition in the bast 

Wis Lb. edueation plu machinist exp Seeking chal 
lenging Sales boingineering or Technical Kepresentative 
the 

Mw BSI June 1957, Married, Age 34, Major USAFR with 
approx, 2000 bre. pilot time, 7 vrs. exp. as Air Force Safety 
Director, Additional exp. in’ Operations & Personnel 
Desire management opportunity. Salary $7500 


POSITIONS AVAILABLE 


Graphic Arts Co. degree. Age 25 45. Coordi 
nator of manpower controls, Responsible for manning 
tables, organization charts & job deseriptions concerning 
manufacturing depts 

P65 Machine Tool Co. Wisconsin, Lb. openings in project 
engineering, standards, methods and time study. Salary 
based on contribution. bxcellent growth opportunities 

P77 Civil Service. Post Office Dept. Minneapolis, New Indus 
trial program in process requires of a 
high calibre, Degree or equivalent plus 4 vears successful 
and progressive experience required, Ability to organize, 
direct amd coordinate major engineering projects with 
administrative leadership. Stall aseignments for cost re 
duction programs regarding equipment, space manpower 
work flow, material handling, work performance, facilities 
maintenance and production standards $7740 & 
\rea assignments avatlable in other regione 

P78 Copper Co. New Mexico. Plant Industrial kagineer. Gradu 
ate Pb preferred under 45; must have Lh. experience 
Knowledge of muning, mulling, smelting, plant mainte 
nance, ete. helpful. To supervise and work with several 
handling individual and participating with 
others on plant wide projects method improvements, 
polant cost analyses, work equipment 
evaluation, job evaluation, ~pecial Management stiches, 
ete. Permanent. Present salary range 


INDUSTRIAL ENGINEERS 
AND SYSTEMS ANALYSTS 


Openings in Research & Development redesigning 
basic operating procedures involving automatic data 
processing using large scale electronic computers, 
long range program, training courses, opportunities 
for graduate study in advanced Methods Research 

$6300 to $8400 starting range. Send resume to 
C. A. Strickland, Baltimore & Ohio R. R. Co., Balti- 


more, Md. 
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READER COMMENTS 


THE APPARENT CONFUSION EXISTING IN THE 
RELATIONSHIPS BETWEEN THE FIELDS OF 
MANAGEMENT AND ENGINEERING 


Some ool the articles appearing in vour Jowrnal as well 
other literature tdiente consider 
contusion oom the charaeter of the relationships be 
ween 

li we expect to have a real profession of engineering, if 
has te on its own feet attractiveness as a protes 
enreer and tne The prolesston 
of engineer can never be on the that the 
ol engineering ts te ele nt 
sonnel Phat is a clistimet field. alse tenedling 
develop towards =trittis 

Professional should be primanhy coneerned 
with the advanee of the with them serviee te 
through the organizatoon with whieh thev mav be 
Them should not be the develop 
beoessentiolly a comsultant to ‘This 
the he us te be an engineer 

hive seen no renal evidence that the best 
preparation tor management. Phe taet that a mumber of 
engineermg graduates (BOS. level) in the past have taker 
tip advanced tients alter completing 
entron ois the best eduecatoon tor Also i some 
men tollow such a pathway, thev should not be considered 
as engineers gong The Bachelor's work 
therefore shold tot be elussifed as engineers entermg the 

Sone studies mince bw showed that the 
col engineers entering top 
Wis tho thin that. for mstanee, of law vers entering 

ment os Phas lack of distimetion leads to the 
contused thinking about engineer and on 
nl 

To be be comeered with ecomonu 
~entitie design based upon the appleation of mathe 
and appropriate sciences Related to this is re 
search and development lending to design. These are alse 
part ool professional engimeermag practice. Design involves 
the design devices, ses, ‘The 
tral engineer needs to be coneerned with design he 


Warrants the tithe of engineer Dt appears to me that he ts 


May june, 1957 


prinaniv coneermed with the of productive 
eases ated svstemes. Involve this design are 
materials, and men. The reference to men here does met 
tat an efleet om the met 
reethy ina productive process. Tt all human efleets, 
affecting the process, but this all A comparable situs 
tion os the use of mathematies Eleetrenl 
This use of mathematics does mot make the Eleetrentl 

Let be a profession of capable 
of standing onits own feet and let management be a pre 
lession of tianagement separnte and Prom 
neermg. Swergert, Dean, Graduate Diviston, Georgia 
Institute of Technology 


A CHRONOCY CLEGRAPILEIN COLOK 


veurs mage, jlist prior te hits 
Colbreth had heen working on an testrument whieh would 
enable the Study analyst te tree, on a 
penn pat his ol mn operators 
llowever, tt remoamed more or less of a serentile 
thre tee niew age con 
work but apparently very little has been done with the 
technique tn this counters 

\hbout a vear age, we negotiated the loan of sone 
ment for the purpese of photographing ane analy zing sone 
sequences whieh were set up om the 
Laboratory at Northeastern Un 
versity. The results were se bret that we cleenlead te 
eNperinnent with the device on some short evele 
operations at the Malden Mills on Mallen, 
The use of a Polarow! Land Camern en 
abled tm te to comlitions as we prreme reseed 
with thie llowever. ol the 7 
technique Was titedately apparent During portions of 
certam eveles the light paths of the two hands beenme se 
intertwined that it was tnpossable to distinguish the path 
of one hand trom that of the other Also, the machine 
Whieh we used would alter its pulse Prequeney whenever 
the light intensity was merensed 

using «a Whote light for one hand and a reed light tor the 
other in conjunetion with color photography. Much erect 
ix due te the Kleetrome Assembly Company of Boston 
This company helped us by designing a transitorzed 
whieh would produce sufferenthy bright lyghts at 


can film up to a half minute evele under morn! 
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lactory hyvhting comditions without blurring in the opera 
hands This is accomplixhed by making the light 
high on the and using a high f stop 
number on the camers 

There tx no doubt but that chronocyvelegraph techniques, 
either in black and white or color, will prove invaluable as 
a relatively mexpensive refined motion study tool, Miss 
Shaw list« the following ways in which she has found the 
chronoeyelegraph useful: (pp. 2408 to 2-72, Industrial 
Handbool, MeCiraw Will Book Co. No 

Reeording an movement. 
4 Analyzing it complex single Purpose 

4. The expermmental stage of a new method. 

A check on the traming of new operator= 

A teaching device 
Palhen, Professor of Industrial 
Northeastern University and Maurice Bo Kaufman, Works 
Manager, Malden Knitting Mills 


THE RELATIONSHIIP BETWEEN HEART RATE 
AND THE INTENSTEY OF WORK FOR SELECTED 
TASKS, by UL. Young, Journal of Industrial 
mg, November December, 156 


Prolessor Young mn his recent article (1) has raised a very 
Old problem as to the place of phystologieal measurements, 
such as heart rate, in time and motion study. The present 
contobution to the discussion is written with recent ex- 
penence oof research at) the College of Aeronautics, 
Crantedd, (2) with fatyzue allowances very mined, 
beenuse a basi need on this research Was to assess the 
stram on the worker, and heart rate gives some iidieation 
of this stram. Tleart rate in the writer's opinion has face 
Validity in such but ean be and 
this will now be disetussed 

In studying the worker and his job, various aspects of 
the total worker job situation are studied, the aspects 
diflermg between the serentifie disciplines within whieh 
the technician works. The phystologist is concerned with 
aspects of the worker himself whieh necessanly be 
ensured observed) the skin of the worker 
While he working. Tleart rate, skin temperature, respira 
tion rate Usage are common tnensurements of 
this type, but they must be taken as mdicators of internal 
processes within the worker's skin, What is heart rate 
used te mdiente in Professor Young's experiments, and ts 
this reliable? The in contracting during 
work, form lactis which i then converted back to 
by oxygenated blood. The blood comes trom the 
heart, acting as a pump, and the volume and pressure of 
resulting from heart action is controlled by 
the autonomic nervous svstem. Lleart action is inereased 
muscle action, but itis alse affected by heat and cold and 
emotion. Ina given cause we must, therefore, maimtam heat 
and emotional conditions constant but how can the latter 
be dene? To tell a subject to be normal or not worry is a 
psvehologien! laboratory cliché We found, using a Muller 
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pulse counter fitted with telemetry, that some subjects: 
heart rates increased when the observer Was present com 
pared with him being in another room. Llowever, changes 
in bloawd flow from heart action involve changes both im 
rate and in stroke volume. Whereas, the former is teas 
ured, the latter Is Stroke volume with heart 
rate to obtain under normally expected im 
dustrial engineering laboratory conditions. What we are 
concerned to find in studying tatygue or effort, however, ts 
the blood flow im the muscles themselves, and heart rate 
does not necessaniy bear a direct relationship to it 

In commdernng different workers doing what ts supposed 
to be the same job, a further difficulty arises because the 
actual yobs done by the muscles within each worker ts dit 
ferent for each worker. The reason for this is that the 
anatomienl structure of each worker ts different. Such 
effects were shown simply during experiments on ironing 
(3). Again the jobs done require skill (hat of musele co 
ordination), and this can only come from practice during 
Which muscle occurs. Professor Crowden showed 
very dramatically (4) that a tramed man wheeling brick 
required only one-third of the excess oxygen required when 
he was untramed. Ina laboratory setting otis difficult to 
assess the muscular skills nivolved and so determine when 
a subyeet os fully tramed 

With tramed men there are individual differences im 
heart reaction to work, and absolute levels of heart rate 
are not tftallible (boy themeelves) cases 
to strum on the bundy. 

The pomts ramsed above must be considered on then 
ments by every expernmenter who wishes to use heart 
rate: andoin the writer's case, the answer was thought to 
be that heart rate did not provide a uselul measurement 
This does not mean that heart rate is useless but only in 
the context of the writer's research into one probleni ion 
industrial engimeermg 

Measurements of physiological aspects of worker be 
havior such as heart rate and metabole rate may be usetul 
Wo work mveolves considerable muscle action 
Modern industry does not usually have work whieh os 
continuous throughout the dav, is subject to time study and 
Which os physically arduous under normal temperature 
conditions or, iituis, which be reduced to an easily 
tolerated level by motion study. The Cranfield study did 
not find any arduous and similar jobs on whieh a useful 
statistical sample of, sav, six workers were engaged within 
one firm. American uses considerably more power 
per worker than does British industry and the writes 
doubts therefore the purpose of studving heavy oiuseculat 
work except for mulitary purposes 

Considerable research into heart rate has been done by 
Professor Muller at Dortmund (5). From his studies 
he found that the most efficient method of carrving out 
muscular tasks in order to restrict heart rate levels was to 
make the worker rest alter each work evele. If we recall 
that the great American, W. Taylor (the centenary of 
Whose birth in 1056 and which seemed to be 


whoredin COS. Al) obtamed the same result with ‘Sehoudt’ 
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over 70 Veurs age, then we must question the advance im 
the practionl result although our methods be more 
refined 

This brings us to the important practical pout that the 
work to be done must be a first coneern. In Professor 
Young's expertment the important aspeet ims the actual 
pumping of whieh i easily tuned the heart rate 
practionl cause 

In analyzing jobs using beart rate the mult: causal svs 
tem commented on above can obviously be subjected to 
analvets. an however, one 
comcernedd with todivicual cases, not statistrent 
tions, amd trade untons could easily show that myustice 
would result te use were made of statistical 
eXIsts in practitioners using heart rate in place of more 
conventional methods Pt be comeeded, however, that 
the work of NIuller and Browuha stigggestive 
rate can be used te demonstrate principles, bat ot be 


considered with other 


Verne TE The between Heart Kate ane 
the of Work for Seleeted Journal owt tn 

J. A. € New Conceptual Approach i Werk 


Swanrsz. W The Coet of Certain 
State College of Washington, HBalletin Ne 

Movements Involved Barrow Work’ Regort 

b A The Pha stologreal Basis of Hest in 
Heavy Work”. Quarterly Journal 


ALC. Wilhams. Trarning Branch, National Coal Board, 


London 


AL THOR’S COMMENTS 


was pleased to read Williams’ cominent on 
recent article, and heartily agree with many of bos 
observations. Certamlv medividual differences do have a 
ile emotional renetrons, and others 
physiological measurements are most Valid under 
sittimtions mvolving considerable muscular aetivitv. As we 
look at current trends mm industry, we might deemde that 
physical work loads are no longer inportant. Towever, 
While recom zing that the comeentration of effort may well 
tinue tooobserve many physically demanding tasks in local 
nodustries and feel that we still have need of a better 
methad for evaluating the intensity of human work 

The two experiments reported on in my article mdicated 


that(the physical requirements of a task oad a far greater 


1957 


eflect upon heart rate than medividual differences between 
the subjeets studied. Hlowever, must be clearly acknow! 
edged that the expermments were performed under labors 
tory conditions, using primary student operators of the 
same general age group and physteal condition 

The speculation that heart rate might be used as a mens 
ure of operntor pace, for jobs of varving diffeulty, wae 
nade with ecogmzanece of the need for mdividual relatvon 
ships. As Mr. Williams pomts out, the unions would ee 
tainly objeet to the use of statistical averages of heart rate 
Our current research’ is therefore concerned with the de 
velopment of effort heart rate regression curves tor nied 
viduals rather than fora group of subyeets. Without gory 
inte much detail, a group of TO students have been ones 
Vidually run through a controlled experiment 
volving four metronome-timerd paces on a control tisk 
and three other different tasks at selected paces. The con 
trol task of cranking lowded dviamometer, ane 
the other three tasks were chosen te mvolve 
cn 

\ regresston curve for heart rate tipon pace Was ealet 
late«d ted for eneh lata. 
correlation coethernts were alse computed, 
te Phe or” 
of the corves and hetween and for tore of the 


Values were greater than OOO for 


curves, The data for the subjects wae tet 
conelusive, with of less thane Lakew pe, the 
slopes of the curves differed the 
eleets of physteal comdition ete. the differentials 
between heart rates af paces on the contre 
trash. coe come, there was ter heart rate elit 
lerenee tor all four paces 

We are now on the process of propeeting each subyect 
heart rates on the other three tasks te the heart rate pace 
regression curve for that particular Thus we are 
using the control task regression curve tor a 
te prediet the Cefleetive’ pace on of the 
other three tasks from: the measured heart rates, where the 
predhetion curve has a high correlation between heart mate 
and pace and where the differential between heart rates 
lor the four paces are substantial The 
Within an acceptable tolerance, tor all of the stabyeets At 
thix pomt, the results look quite Hlowever, only 
regression curves are useful a= a basis for 

With the use of a heart rate telemetermge deview, longer 
oh observation are observa 
of heart rate during the work period may well provide 
additional information about the work load than im ob 
tamed trom terminal measurements. We hope to have such 
a deviee avatlable tor use within the near future 

Mv thanks to Mer. for his pertinent remark 
Purdue University 

‘Bachman, OM. OS. Process on Heartrate Paes 


Purdue University 
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RECENT READABLES 


TION 
White 


Developing Small Seale Nutomation 


J 


the «mall ume Well as for the larger (operation 


eat stall scale automation a= modest approach 
med return the « age (investment ina short 
tite After giving several baste eriterta for deciding whether 
lo untomate at all and for determining how won small -cale 


low automating on limited scale 


Three Dangerous ballactes About Nutomation The Vanag 
ment ty the American Management Assocmtion 

‘The large of written and 
Mtomation hae given credence to three tiapor tone 
could the of what actually o 


technical, amd marketing evolution These three 


dangerous tallactes are \utomation toe bent 
(2) autematoon wall ftoree technologieat 


marketing evolutron 

thes don't know wheat bas entered ther live. 

Viens leaders tear that automation will eut 
‘ true that at ean Hinplace workers tem 
jer 

The worker ten't the only one who defeat the auton 
man Same management men have them fears, tow 

Management learn more about automation PO 
\lepach, manager of General Laquipment Develop 


the challenge of automation bas shifted from the 


mturing Services, states 


aren the management aren He and a few other 
lhe hom tn bave new assignment) selling muddle 
Hanagement on ther own companies on the need for aute 
matvon amd analy zing bow Various 


will change ate 


Automation to Plant Sendel Late 
mation, 
automated toe high for theo of 
hort run preduction requirements there are different 
levels of automatoon, the author ated small com 
me \pensive. intermediate levels e¢ gauging 
devices on conventronal machine tools Amother yy tor the 
bee the development of bughtly <tanmdard 
low cost automated machines for the louted 


ture of device 


Computers as Design Tools © White, Machine Design 

lnereaing engineering output and engineering quality with 

out omereasing the number of engineering personnel tivolved 


in presently Cheineering department. 
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diye obtuming the required mnerensed 
engineering output and quaht\ is to se a computer to per 
form the bulk of routine engineering ealeulation. lagimeer- 
wre thus freed of these task=« and have more time for actual 


creative and productive effort 


“Where Computers Fit in Metalworking By Obrzut, 
Page 71, January 
Present uses of computers have barely seratehed the surtace 
of ther potential About five veare age the computers in tise 
were far and few between. Today. there are literally thou 
of tostallatton steed the growing atl 
funtaustic rate. So much so. that the lag problem mow is 
and staffing new setups One estimate places the 
«of unaly-t- comlers ane operator 
within the meat vears at te 
easter to follow amd of more interest te metal 
sorking Use of General bleetrie’s numeral contouring 
“Vstem te general purpose tolling tiachines a case tn poe 
The =\stem requires a numerteal director or tmterpolator 
olyect is to provide complete process for 
intricately machmed parts continuous path machining 


controlled from oumerteal data 


ENGINEERING 


bigure W heer tes Theat New NIachine 
Page 102. January, 1057 
fine of the in considering equipment purchases 
sed retirement ts te dleeide how to work with dollar eatitnutes 
inorder to obtain a signal of profitabalits 
The hoor hice developed ati ena te determining 
itubulit, whieh he states to be and 
the role «fl vet which retuattie 
the of the more techies such as the 
interest method and the MIAPI technique 
ition repel coment factors lor per of metal 
werking and bach faetor tape, 
igure, many of the estimates and assumptions underly ing the 


tenet 


CENERAL 


“Houmanation By Ruttenberg, Vanagement Record, Page 
S80) Newember, 156 

forecasters are heavily <tres<ing automation 
the hey tofuture cconomie expansion But Harold Kuttenberg 
president of the Stardrll Whevstone Company, belewes that 
yutomation alone will not solve ecomomie He “tig 
gests that produetivit\ per nian hour will not rise fast enough 
4a take care of our neds tinless if aecompaniod 
‘humanation Which he defines as “the full release of 
human creativeness of the working and managing forces, vol 
uUntanly cooperating with each other through organized 

programm of jotut purtietpation in the preductive 
Amd in order to attain the goals of humanation, Mr Rutten 
berg nwdvecates a baste change present 
relations 


Volume Vill, Number 3 


aps Zl, 
(Jrowing emphasis on automation e\postng more workers 
Nlecheal « \perts apres that long e\posure to can 
cute bie ring 
Two the article suggests to tackle the problem 
Set tp a avetem of worker hearing e\aminatton= 
Insurance ¢ fotimd that « 
program offer general efleeney pet, eut 
turnover Was eut 
\etna estimated that program brought net savings of 


SOs ith thie first 


Practices! stron of neertamt,s Caleulations to 
W Thrasher and 7 of the 

to answer questions as tothe of measure 
ments otis desirable to classify two types of measurements 
the creed thee ~tigle The case 
the euse for stogle not been extablaxhed The 
wither proposes that the tester estimate his errer the un 
eertamt\ and give odds that the error would be 
than the onferval of the mensurement were re 


bngineermg the Creative By Po 
Page January DO, 
il ele melent tan vers larwe 
creativity aetivities Yet very little 
elleort t- ter the cle tet of creative abality 
of effort that the of stzeahle re 
development of creative shudits ean be heed 
bev removing the barrrers to ereative C2) bey 
problem tna designed to bring creative 
powers preter cot) thes tee engineering the 


our high cate of proaduetivit\ tnerease, whieh 
rose oour liveng stemdard=  Seme potting te 
Heomentous technological toprovement= the taking 


pere chet strong to the rate af on 
tivel will te advanee at its rate. pre 


Master. ennel December, 
con be an elleetive col te 
luting executive cle velopment totes thee 
Hanagement setup Was gradually tn hie own 
the compans exeeutives take them own 


hall steed st 
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Survey of Human Engineering Hy ROS Barrett, 
Page 75. January 24, 1057 
For «a design engineer, the usefulness. of human engineering 
depends upon two comideration= Piret, human engineering 
manew amd rapidly growing field whieh suffers trom lack 
of toformation in some areas Seeond, some of the of 
are revcecdaly be pert wit 
tramng, while others are net A designer w bier 
wishes te por tenet take 
vulvantage of the «<tuches that hawe been tn aren perrte 
nent te bes field) article reviews the event 


t bee present state of oof thee trelel 


The Anatomy of Leadership" Maearow. The 
ment Kerrew. lage oh 

In thre prast ~veral venurs, thu» hy Witnessed arent 
wave of tnterest in the traming of management people, pot 
tieularly middle management and top line executives 

bxveeutive action te the same, whether the on 
gamization be ehureh, state, or 
aervices 

Lewdership is a shill that can be tmparted and passed on 
can thes are willing ter cle werte 
the necessary time and effort te cle sa 

The pol of an executive wet a lazy man’s pol) Dt require 
only as he leads people toward the of ther 
ob ypeetives channeled toward an 
cover ll, 

coed ot the that wall be om 
greater amounts te meet the cetaneds of 


changing tities 


Management by By Keath Daves, 
menl l’age belbruars 
ten an overworked tre the en 
vironment. but itm a much aederworked aetivity The tden 
other= are mot when te on far ter we 
with ot) Cine reason for all the conmltston t« that manages 
heave expertenee with the «tyle ef 
tre 
Participation t defined a» mental and twelve 
offers many advantages on 
moans areas other than pol: performance, «ach as working com 
communet\ relation, and ee 
quently tts tise produce wielespread benefit} ton 


Ji. 
bimliog an exact analytical relationship for expertoental 
of data tn or curve torm can le clemane 
ing time consuming task cases. «hes 
thee for givet: set el late takes the terms of 
of the analy«t 
net very wedely braneh of ealledd the 
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principles, thie graphical mathematical process offers a rapid 
and accurate method of “equation fitting. techniques 
of the method and their appheation are outlined in thie article 


INVENTORY CONTROL 


ner A Month Buying Will Squeeze Tool and Supply Cost 
bactory Management and Maintenance, Page WO, February, 1957 
Volume manufacturers order product raw materials on a 
scheduled basin in order to realize the benefits from volume 
buying, reduced paper work, and fewer outages Most of these 
companies, however, order general supplies and tools (cutting 
togle, maintenance and sanitation supplies, oils, greases, ete.) 
om they are needed 

\t one company, engineers discovered that SO percent of 
the dollars spent on general supplies could be predicted, budg 

eted and therefore scheduled 
The cost and analysis section of the makes ip a 
master requimition for each department. [t liste code number 
and description of each item needed by the department and 
the “budget quantity’ the anticipated needs for the coming 


Inventors Control’ WO Hoehing, Industrial 
Quality Control, Page 7, January, 1957 
lathor’s Note: The inventory control plan deserthbed in this 
article applicable toe of uncertamty of demand 
When demand m known or fixed, for example through the 
development of monthly schedules or plane whereby the pro 
corement, production, or of the goods set 
accordingly, or in the case where itis to minimize and 
comtrol stock outs through expediting effort, thie lines 
apply per we Such planning and expediting actions pre 
clade the free of chance occurrences and titroduces 
lune inte the data In Westinghouse we carefully ~epregate 
stores inventory account into “planned” of “probe 
aecount= The planned are the relatively few accounts 
having the high dollar volume of issues of sales Mequire 
mente for these are developed and treed to 
ond dine t forecust= of schedules, and thu repre 
~nt known demand The remaming low dollar volume ttem- 
we the relatively large number of probatulity accounts whieh 
ne control through the use of the techniques outhned here 


MATERIALS TIANDLING 


Selection of Tractors for Stockyalog Bulk By J. Kadomeks 
Handling, Page Felwuary, 1057 
ol storage tas greatly redluced 
factors to on lor a new Tre 
meting one are equipment capalalitie= whieh involve the 
consideration «fl nes amd rate of 
flow. «listaneces involved grades enemntered and operating 
considered in light of the factors mentioned will insure opts 


to Plan for New Product.’ By J.C Downe 
Handling, VPage SO) February, 1057 
baw ated chetribution 
there must be a clearcut relatronship between design ane 
Material handling engineering concerned with four main 
weas of design 
Prenduet 
design 
design 
1 Control design 
These are all vital ts te achieve material 
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handling performance and reap the benefits available from 
integrated material handling s«vstem=. In order to achieve 
these benefitx, an adequate material handling engineering 
organization must be established, and must be given equal 
«tatus with other manufacturing engineering octivities. With 
the organization go people. and these ople be 
material handling engineers who are well informed in methods, 
mechanics, and costs, and are capable of selling and installing 
their ideas, These people must design the handling program 


in ite four phases 


“What You Should Know About Hand Lift Trucks." Vedern 
Materials Handling, Page 115, February, 1057 
The hand lift truck was developed to move large quantities 
of materials more easily and more eflicrently. efficrency lies 
in its versatility and general usefulness. That is why it should 
not be overlooked when planning an integrated materials 
handling «ystem or revising « svstem already in operation 
The hand lift truck can be used where there is only limited 
operating space It can go where larger equipment cannot It 
ean be used, for example, in the unloading of rail cars where 
doorways or floors will not permit the passage of powered 
equipment. 
It can be used as a supplementary tool. The hand lift truck 
ix a Valuable link in putting together an integrated handling 
«svetem. More efficient short hauls from machine to main 
aisles, feexhing of production lines and the more effierent use 
of heavier equipment are some of its advantages as a supple 


mentary tool 


QUALITY CONTROL 


“The Nature of the Standard Control Chart, and Some of It- 
Competitors By bk. Ge. Olds, Quality Control, Page A, 
1050 
The control chart t« a tool used to guide decisions regarding 
process» The fuet that there are other ret 
of using numerical data for this purpose is a suffierent reason 
why the eontrol chart ha. competitors 
(ine way of Comparing i te use several methods 
in attacking probleme and then deeme which one 
works beet. Another way to make comparinone ix to set up a 
mathematical model for an tedustrial process, adapt defini 
trons of control and lack of and then analvtieal 
procedures based on the theoretical foundatron This the 


wat which wm followed in the article 


“Fundamentals of Analyvsix of Variance" By 
trial Quality Control, Page 17, August, 
Hasically the analyveim of variance technique is just what 
the name implies partitioning the varianee (le. the square 
of the standard deviation) of an experiment parts inorder 
to test whether of not certam factors toatroduced ito the 
design of the experment actually produce significantly dif 
ferent result« in the variable tested) That im, for eSample, 
thoes the any which custingg made afleet the 
of the eusting the seule used afleet the weight ofa vial 
of medene’ In each case, interest mon testing whether the 
effect of the factor on the variable mensured i significant 
when compared with the random Variation tt thie 
Henee the text or Varianee catia eed to make such com 
This the first a of three articles by Profesor 


Hicks Part~ Tl and appear tn 


“Quality Control of Tubular Steel Products." By WOOT. Roger 
Industrial Quality Control, Page 6, August, 1956 

While this article primarily concerned with 

trol and tubular products made from steel, it i pomted out 

that the sulyect matter applicable te quality control in 
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eqytially as well to copper, brass, lead, glass, or an end product 
hor etistoter constimption of any of thie large tinedustries whieh 
procure ther own raw matertal~ and perform all intermediate 
stepe 

There are two generally wcepted concepts al statistical 
quality control, one of which im coneerned only with accept 
mee repeetion sampling. and the other with eontrol of the 
entire Process hich takes tn almost the entire field of «tate 
tieal metheads. This second coneept i the one that must be 


by Vartables with No Caleulation- 
Ho Chernoff and Co Lieberman. (duality Control age 
5. danuary, 1957 
ire attributes, and wall continue in this way 
Nevertheles«, the on the use of modern statistreal 
techniques has resulted in the more widespread 
of sampling inspection by vartables are well known, Perhaps 
the twee of these sre (1) the mereased clerteal 
comts of recording the cata making relatively (compared 
te atterbutes) computations, and (2) the operating 
characteristic curves he heavily on the tents 
the form oof the underlying frequeney distribution of the 
quality eharaetertstie normal This assumption is often 
iffientt to evaluate 
The of this article i te it graphical 
eedure for sampling inspection by variables whieh 
whoeh alee wives cheek on the 


tron oof 


Total Control’ AN Harvard ustness 

today are tiling themeelves faced with 
demands from customers for ever higher quality, while the 
ts to rise solution, the author 
offers «a coneept be ealls “tetal quality eontrol,”” based on 
thee that the determination beth of quality «fl 
qualit) cost should take place throughout the entire tdustrial 
evele trom the design of the produet to its sale. the 
writen, the that a greater comcentratiot on 
preventing quality will result in the substantial reduce 


December, 

wathe the ool tere shina mo new mechanized 

thee tere of tlow ehoarting to the revised peren elures with 

the result that emplovees learned them much faster Theos 

iptiele deserthes the new pavrall operation and the current 


Pook Division, Park Avenue. New York 22. New 
‘| ne ren t et col te il 


prlasties fer tine the statistical 
order to achieve the highest posable standard? of pertorm 


1 Primer to the Automati Ci Walloon 

Management, Ine Westboro, pages 

This revised edition of an earher publication, The tute 

LAL lesigned of te the trele It 

emphasizes the intermediate steps between mantiol \ 

and fully automatic svstem= and deseribes how conventional 

machines may be combined with speeral purpose equipment 

to service all types and sizes of offees Ineluced are a number 

of hiagrame- as well as cose histories of the tse of integrated 


in Various res 


Company Investigations of Aulomaty by Veter it 
Laubach. Division of Research, Graduate Sehool of usinmess Ad 
ministration, Harvard University, Boston, 1057, 25s Siu 
\ report on the: methods bey 
determing their need for data processing equipment 

on an tovestigation of some 1) management teams in 
industries, the study deserbhes how the teams were selected 
and organized, how equipment needs were evaluated, and on 


what terms new wires 


Varntonance Enginesring Handbook, by LC. Morrow, baliter, 
pages, MeCiraw Till Book Company, New York, S200) brook 
can be ordered from the Jowrnal of Industrial Engineering! 

More than 75 experts offer techniques, methods, and proce 
dures to heep production at maximum levels, to control pre 
duction costs and losses, amd to prolong the productive life of 
plant and related equipment 

tratron of maintenance forces to al cletail of mamta 
ing and serviee equipment, sanitatvon 


heer and corrosion control 


CONFERENCE 
MARCHANT CALCULATORS, INC. 


fheal lane f 


Completely automatic positioning of all all ene 
ringe dialx is one of the many revolutionary new operating ad 
vantages offered by the new Maggie’, 
khevboaurd automatic ecleetrie caleulator 

At the touweh of «a single kev, the “Deer Mage” automatically 
sets decimal points in the keyboard and all four dials and auto 
its carriage in re for any ty 
lution Allentries to the hevlhoard are around the «eleeted decimal 
ported off correctly af the conelusson of every ealeulatpon 

All clearances of keyboard and diale during and pon comple 
tron a problem are fully automatic. with noneclearance 
for the and each of the four dial« bev of 
«et loek« 

The new Marchant “Dees Maggie’ hae a separate fromt dial for 
visual cheek of tacdividual of comstant Ate tates 
other advantageous features of this highly versatile new Mas 


trol te engineers, the molder= and fabrieators of 
produet~ and the manufacturers of plasties materials round off, automatic accumulation of product= and quotients, and 
peter peetheall te examples of appleation currently grand total accumulation 
in the plusties \«<uming the render has ne Thin weete up was recewed tow late ta appear in the March 
ore knowledge of quality eantrol, the 
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INSTITUTE INTERESTS - 


CALENDAR 


omnencing in the the In«titute luterest« sectron of 
the Journal listed activities the country of interest to 
the membership Lastings are by dates, and give the name of the 
the location, and further source of information for 
theme interested Considerable advanee te 
have theese aetivitees leted in time to reach the men 
beige 

CALD listings for June and later month appear in thi 
ated the wall be retained until copy on any particular 
event i outdated NIwil all listing to Stall 
and Procedures, Waterman Steam-hip Company, 61 St 
Street Molule, Alabama. Items «ent to the Journal office 
Atlanta can only be if received in time to be forwarded 
to Tuetitute Tuterest~ biditor Deadline for all linting~ the 
add monthin the KMegularly scheduled chapter 
meetings Will not be lieted in the as meeting place 
dates are generally cleewhere in the Journal on an 


Metron and Tine Study Intensive Course, Departivent 
of fidustrial University College of Washington 
St) Lane, Miseourt Write Washington University 

Connell university New York Write 
Sehultz. Jr Department of Tudustrial and 
tration, Cornell Cniversity. hacen, New Vork 

Senna on Techniques of Operations esearch, Depart 
of Tnstitute of Technology 
16. Write Paul Professor 
of Tedustoal 


Write Harehbarger, Department of VV 


OURROLE CHAPTER 


bowler,” Vice President Mesearch, talked on \ 
for the Teehnieal Mian’ at recent col the 
area chapter of the Amertean Loetitute of 
Presented bere. in summers form. are his comment. 

The tiret element salary The market value of the 
professional technical man’s eerveces bas been steadily 
mn recent Veare due te the tnerensed demands of te ated 

However, the emplover must be caretul auder the pressure of 
the tet te beer trates the that 
this te the element the balanced 

tor professtonal growth the second 
element to the of the tonal techmeal man \ whuch 
provides the ot teetter stall, 
sonal growth provides form of compensation 
on clollare teat worth cellars the future career 
of the todivedual 

bortunatels. i the few government 
have ert trend te ime contractors to the results of 
technical eflerts wherever aleo the fact 


that an tdivedual can gain certain of recognition in he 
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stents within the framework of the nation's 
metivaty 

‘towel communmecation=s between the polev making level- of 
the compan’ and allof ite profess1onal emplovees im a form of local 
recognition to the professtonal moan the company gives the 
employee the freedlom to determine his own 
and the freedom to take his own approaches to the solution to the 
problem= within the band« of it is recognizing the 


nature of the professional emplover 


CHICAGO CHAPTER 


The regular February meeting was held on February b2th at the 
Western Socety of Sth Randolph Street) After dinner 
Vie Short spoke on “Tuman a phrase which he 

fin Mareh Sth, we sponsored an AL Day Work Measurement 
Cost Control Cline at the Hotel ¢ ‘ongress. Phil Carroll, noted 
author and lecturer on Time Study, Standard Data, and Cost 
Control, combucted thie cline Mero Carroll has written several 
books and many articles in the field. Beeuuse of the 
great interest in his books. the Chicago chapter arranged to have 
dieplaved 

informative talk on Work S Dor. Riehards has done a 
great deal of work on this and bis experence made him well 
qualthed to conduct 

The Mas meeting Was our annual meeting, whieh wo 


te members only 


CHAPTER 


The February meeting of the Cinemnat: Chapter was 
what different than the preceding 

Dr Robert Kehoe, Direetor of Lndustrial Health ot the 
of gave a ver. interesting lecture 

He «poke on the engineer's relation to 
This opens ancentirely new and undeveloped The eould 
be oof great servicer te the medial protes<ron by gathering and 
ting lite to tied as stautistie- 

(on Mareh 6. 1057, the Chapter completed its 
intial conference at the Hotel Netherland Hilton The -ubyeet 

onl thee 

Vpprostmatels the conference ond the 
results were most gratifving. Lvervone seemed well pleased and 
will bee waiting for the conterenee of 

(dn NIareh 27, 1057. the regular meeting <tarted with 

electron of offeers. The nominees were without 
otheers tor 1057 are as follow. 
Harry Placke 
View Prestdlent 
‘Tressurer Tope 
Secretary Allen 


\pril 7. 1957. the Cinetunats i 


toy General bleetrie Company Due to the enormous size of 
jel the wos ter the overhaul t 
only Sinee several of our members are employees, this was 


Vers thteresting trip 


CEEVELAND CHAPTER 


The Januar the Cleveland eh ipeler Jat 
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ated Operations Research an todustrial engineer tor 
Airlines in Chieage. bas clone extensive work for his awn 
company as Well as federal and 
Te introduce his subyeet. Albert. gave a bref organizational 
history of Air Lines and its engineering make up 
cominerring department serves as an consulting service 
for the entire organization Te pertorm this service. it ts of 
fener 
1 of work analy 
ODD of operations research’ and applied 
comtrob & <tatestie- 
These are used solely as te the entire eom 
thee ire thus able te: ame re witlate 
tes the elate. ela t heer recent 
Nir that tow eover~ meant aren« of organ 
vation, 200 sireratt aud operating mules It hae 
provided great depth of tor all that bawe been 
thats Use oF 
(Juestion= pertaining te qualt\ curves, ete 
this toteresting amd informative leeture 
The January ehapter meeting was highlighted by two award 
presentations on the The ALTE bellow award wae presented 
tee blovel Tither, tormer president of the Cleveland chapter In 
he was bellow it the Nattonal Convention for his 


ye amd wo pere <tlent of the Cleve 


‘Phe award. S25 woe pere tes Dell 
» Senter at Shaker Sebel all woe the 
winner of the contest pudged Morty Miller and bal Crow 
"The tithe of bas was a= Career 
Rupp. primeipal ot Shaker Tigh.) and Mi Creuse were 
guests of the chapter at a pre teeeting dinner at thee 
Both award wonners there prize= 

The February meeting of the Cleveland eh Wits heeled beets 
(‘louse View President amd Seeretary of the Federal Reserve 


bavecutive Team 


funk. vetive tno man’ loeal and nattonal banking and wel 
bearer 

The speaker sand that only tn the Tattler 
toward the busted & wile a= an executive team 
cod how the wife as a partner te the In 
ten thee of the wile o- 

The Third Phant Tour took place on Thureda 
at the Heavy Press Bldg of the Co ot 
tou. LAW Harvard Awe on Cleveland This tour covered forging 


21. at 


\I 2S the: C lewelared eb peter «sath 


\onual Spring Conference at the Hotel Cleveland The theme of 


‘TL The program wos packed with totermative 


sree thy following 


to 


May june, 1957 


Sesstons 

Replacement: 

“Work Sampling” 

“Scheduled Maintenance" Phant Themp 
blesthle Robert Heller, Representative 
VET OM. in Warehousing’, Petro. Thompeon Products, [ne 

“Piano & Inetalling Data Processing Programe", Paul 
Shirar, baton Mig Co 

Meme Motion tn Plant Equipment & Tool Analyste. Glen 
1) Wolfe. South Corp 

Pinanetal Planning & Control”, N VON Representative 
Miathematics in Management” 

“Operations Research’ 

“ing & “Teaching New Tee 

“Linear Programming” 


PAYTON CHAPTER 


In keeping with our poley of presenting programs of current 
sued vital eoneern to the todustrial engineer, the February 

is rapidly becoming recognized a= having efleet on 
operational effrenes communicating between 
geonm, ecomsultant treled presented taste eomeepet of 
the barriers tee ten con the 
cle of a= ene ter thew 

The Mareh clealt with chreet comeernm te the 
engineer. “The New Look om Matertale pre 
ented by Meo Ralph Sto. for Alden 

The purpose of this seston wae the engineer 
cof the shaft attitude toward @ «\ «tem by ter 
tertals and efleet thi «hift having on the factors tn 
volved in materials handling probleme bor thie «fetes 
tm teedustries the seape of the 
the anced funmetion as well produet 
considerations “This trend, caueed by pressures and the 
high potential savings, also has on the material han 
dhing problem tn production and 


CHAPTER 


bor our December meeting. members and guests of the 
can Society for Quality Control and ALTE met jyornthy at the 
American Standard plant) After a deletots roast beef dinner in 
the cafeterta, we were taken through the ter view the 

Later in the evenmng all hands gathered tn the te 
hear a talk presented by Mer belward Mo Sehroek, Quality Control 
bogineer with American Standard sulyeet wae to 
firganize an bfleetive Quality Control Program 

\t the January meeting, Dr Nacler Head of 
Engineering, Washington University St) Loewe Me 
~poke on “New tn Time Steeds 

Dir wlentifed «cme new development of 
im work measurement whieh were emphasized berg an 

1 of Statistics tn and controlling deta 


of machine= 
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| 


/ ita Te tee ve poh steel bee vt 
sal / laa its ~tigel lh \ alles ster] 


thee future of ated the to be derived from 


-TENNESSER CHAPTER 
of the \eddle Tete. <ce Viti jeart on 


of Teduetrial and Soest, tor the 
Vdivaneement of Management programe at Nashville and 
Ville the -coonmd week in belwuar 

hive members of the chapter attended a dinner meeting of the 
Nauchville eh the Advancement of 
at the ye Hated Sypreaker for the wae Phal Carrell 
Maplewood No professtonal engineer and view president ot the 
Northeastern Megion, Hie topre wae to Sell Vous 
Ibe 

hive chapter members aleo the tourth annual eon 
ference of the Southeastern Megion, at the University of 
Tennessee Student Center, Knoxville The conference, sponsored 
features! talks on “Dedustrial Control Tools’ 


PUL ADEE CHAPTER 


Harold W Professor of \Mathematie- 
Brvn Mawr College, was the «peaker at the January meeting The 
of haw talk woe of Lanens 
Was guest epeaker on Programming at the 7th 
\ Conterence which wae held in Washington 1) 
He is the author of a new computatronal method for assignment 
and transportation problems. and aco author of the fundamental 
dualit) theorem of linear programming 

Kuhn sed simple algebra and the above theorem tn pre 
the solution of a bis tat tents 
The uohnwowns in the problem were reduced to two vartables ter 
graploe presentation This permutted ready determination of the 
be cableulatong the values of the funetions at the corner 
of the number of vartables involved) Nevertheless the 
the value of the lear at eneh step 

Nanager, Manufacturing bogineering RON Viv 
tor Television Diviston Corporation of  \mertes 
Ton zer spoke on and the Tadustrial Tn 
tath Mie Tew ver stated that automation bas been with us on 
one formar another the begining of mankind Tlowever. the 
laste difference that automation berg ted te repel 
of the making as well as to peter 
ductivat’ ts not an Pts a teal whieh the 
service 

Des ver stated) that tear ot automation groundle-- 
at bas beeen that technological advaneenent 
wall be required of te meet the expected 
on the west Ab vent the beenetite from aute 
wall te greater tore purchasing 
higher of Living. ated leaure 

Phe Philadelphia Chapter sponsored a sertes of seminar. 
were te caver both the fundamentals and 


TD DLL the stud Mere tes tine eal t 
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other related technical societies. 82.50 registration 


charged to underwrite the 


CHAPTER 


At February meeting. the Tulsa Chapter bad a die 
dinner at the University of Tulea Student Building 
promoted some lively led by tour men from 
Compan This panel explained bow planned 
sted Thes then answered question 
the group amd gave suggestions on organizing such pre 
yram. The four were 

Mr HW. Clevelamwd, turtog Control mer 
amd Project: Direetor 

Mir ¢ Manager, Tab and 

Mie WP Svstem \naly-t 

sentative 

The Mareh meeting program: The View of 
te Work Laws The speaker, Miro Burns, president of the 
Hei currently) a Commtsstoner of the Oklahoma 
ment Commision Burns put his views in cogent terms and 
iver) interesting manner They evoked «a great deal of «pirtted 
discussion from the engineers present, whe are all on the other 
side of the fenee trom Miro Burns all, this was ome of our test 


interesting meetings amd one of our best attended 


WASHINGTON, DO. CHAPTER 


The Washington (Chapter meets con the second 
of each month begining with September through May the 
Perpetual Building Assocation Building Auditertim, (llth 
Street« Wooat PM 

tation bey Chapter Member, Stephen Arthur Derry. (President 
The Derry bingineers, Loweville, Kentucky). Mero Derry 
was Phe Industrial Looks at Automation’ presen 
tathon invoked some fruittal thoughts on the Tndustrial 
role an tomorrow's He out how the 
of teonlay's of Standards’? will be tomorrow's tedustrial 
engineers cream Wheres, the “Leveling” fuctors in 
method of setting standards will ne longer exist on 
wetting standards for an automated He stressed the mew 
for educational te realign the engineering 
te meet the needs for tedustrial engineers’ role in 
plants He out the Docdustrial 
have more traming on Mathematies, Physteal Setenees and 
tramed to Think a Problem. Through” 

Dave Savage. Senor in charge of Pro 
(Corporation Wis the for the 
October meeting Mir Savage presented a paper on 
(aovernment Uses of Computers Tle touched upon how computers 
were teed by engineers in solving problem on Produ 
thon Control, Inventors Control and setting of standards The out 
computers role in solving problems tn the 

Chapter Member Lt Leo MO Wornteld, USN. was the 
Navy set standards on T\ amd clerteal work. The compared the 
t with the tere = \l ‘Tine ale 
A Towne Delay The outhned how <tandard< were 
te warehouse operations and puble works mamtenanes 

Phe December Meeting was devoted to the Chapters 
Seo Annuals Busines and meeting The President ane 
Secretary cleared all accumulated matter. 


Volume Vill, Number 3 


tered wos the Program Committee This com- 
mittee headed by Stephen Arthur Derry and by Noram 
hobert ax View Chairman and William Powell. Crans Cohen. and 
belward Pierce a< committee members. the task of 
preparing the [js chapter program from January, 1957 through 
December, 1057, 

(Chapter Member, Nel<on PO Greller (resident, Nel«on P. 
(oreller & Associates, Washington, ¢ 
"High Speed femeote Controlled Package Sorting Net 


presented a paper on 


Mr. Giretler with the use of chart<, <ketehe<, movie and demon- 
stration of presented an tnteresting de- 
«be the seortitug machine and how it 
operated Mir. Cireller and hie bad ereated the machine, 
designed it, developed it, and tostalled it in the Baltimore Post 
(thee 

The eleetroni Sorter commonly referred to bey prea ofhiee em 
plover. the Sv ¢ cof ~orting and diverting 
parcel of legal size ut the rate of 


mans as packages to be to some 70 stations or more. 
The device measures its own package length. All the operator 
must dois te punch oa hey, which designates where the package 
tee off the belt. The proach ages prose bey the viewer's 
eveoon the belt and from there on the «vstem m 100°) automatic 
The hage is delivered. automatreally. to the «tatron whieh the 
punehed hey designated 

Mero J. J. Saunders, Martin Company, was the guest speaker 

lor the bebruary Meeting Mr. Saunders topie was, Aireraft 
Materials from Research to the Flying Vehieles’’. The many 
problems in producig an arbeund vehicle were covered, 
He pomted out the industrial engineer's part in coordinating the 
Various operations from research, test, design, and construction 
He also covered the industrial engineer's role on matters pertain 

The subyeet matter for the March meeting was a panel dis 

“Why ft Ts for boigineers to Qualify as 
Registered Professtonal 
The was moderated bey 
Mir. Osear THE Pb. Former Chairman, Washington, 
Board of Registration tor Professtonal , 
President, Washington, D.C. Chapter, National 
of Professronal & President, Washington 
Secret) for Profes<ronal bogieers 

Panel and theme topres, listed in order of appearance 

were 

Poul Robbins. Direetor, National Somety of 
Professional Washington, Topie: ‘The 
lroportance of The Professtonal bingineer to Industry and 
Hl Levels of 

2 John Reoekefeller, Deputy for Maintenanee, Offee of the 
Speciil \ssistant to the Seeretary on Installations, U.S 
bores Washington ¢ “What Govern 
ment Offers To The Registered bingineer”’ 

Wilberding. President, Wilberding bngineering Com 
pant, Currenth Chairman, Board of Registration for Pro 
fesstonal bongineers, Washington, Paat President, 
Washington Soret) of Profestonal Engineers. His topie 

How for Registration are Processed” 

Arthur feyistered Professional Lodustrial 
Vetive in Nateonal affairs and Member of 
Chapter, ALTE. President, The Derry Logineers, 
Leoumville, Kentucky. His “What Registration 
Means to the Dudustrial 


WINSTON-SALEM CHAPTER 


Cine of the most <aeees<fal meetings of ourorganization’s history 
was beld on Nowember 27. 1955. when 174 members and guests 
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representing 16 varied industries attended a dinner meeting to 
hear Mixx Bonnie Bo Small, Department Chief of Statistical 
Process (Quality Control, Western bleetrie Company, Allentown, 
Penn=vivania Plant. She spoke C‘ontrol for the 
Engineer” which created considerable interest as indicated by the 
questions asked the speaker concerning specific appleations of 
qualits control Procennes presented 

Qhur moet sueces«ful Motion and Time Study Conference was 
held January 17 and IS at the Hotel Robert bk. Lee, Winston Salem 
Approximately 250 Industrial and Management b-ngineers repre 
senting COMM pa aml 34 colleges sittemded The annual eon 
ference under the of the Winston Salem 
Chapter of AILk. and the Greensboro Chapter of the Soeety for 
Advancement of Management. It i open te members, stucent 
members and non-members interested in exchanging views on the 
latest developments and applications in the field of industrial and 
management enginerring. 

The conference opened January 17 with an informal evening 
fellowship meeting to give the conferees an opportunity to become 
acquainted. The all day program of lectures and disctisstons was 
held January 18 with five distinguished industrial and professtonal 
leaders as principal speakers. Mr. Reynolds, Assistant Works 
Manager, Western blectric Company, Winston Salem, opened the 
program extending a weleome to the conferees. William J. rok, 
Jr President of the Winston Salem Chapter of presided 
over the morning session and C.) Aubrey Tingen, President of the 
(sreensboro Chapter of \ NI presided over the afternoon 
meeting. 

The morning speakers were Robert 8. Rice, Industrial Produe 
tion “Factory Management and magazine, 
published by MeCiraw Hill Publishing Company, New York, past 
president of the Pittsburgh Chapter of and past 
president, Northeastern Region of ALLE, who «poke on “Methods 
Engineering and Automation’ and Dr. Robert N. Lehrer, Pro 
fessor of Industrial Engineering, Georgia Inatitute of Technology, 
Atlanta, Georgia, and Editer-in Chief of “The Journal of Indus 
trial whe spoke “Work Sampling The after 
noon speakers were Mr. Ralph TH. Landes, Assistant Superintend 
ent, Engineering Standards, Hawthorne Works, Western bleetrie 
Company, Chicago, co author of “Occupational Rating” and 
originator of “National Time and Motion Study Clinte” who «poke 
on “Produet« and By Products of Time and Motion Study” and 
Mr. Brune A. Moki, Direetor of Industrial Lingineering at Yale 
Materials Handling Division of the Vale Towne Manufacturing 
Company, Philadelphia, Viee President of the Middle Atlantie 
Region and President of the Philadelphia Chapter of 8. A. M., 
whe spoke Maintaining Wage Incentive 
In«tallation.”’ Mr. W National Direetor of the 
(jreensboro Chapter of S.A. M_, presided over the evening 
The evening speaker was Mr. Matthew A. Payne, General Nan 
auger, Lubrizol of Canada, Niagara, Ontario, print president 
of and now Director of the Iratitute’s chapter organization 
and extension and a member of the Long Range Planning Com 
mittee and the committee on organization whe spoke on *" The 
Industrial Engineer in Small Plant Operations.” 

We had the pleasure of having Mr. Howard banereon, 
dent of Allb., Profesor ane Head of the logineering 
Department, University of Tennessee, Knoxville, to speak at our 
February meeting. He spoke on “New Developments ite 
ngineering.”’ He presented the organizational «tructure and 
funetions of the various committees of the national level of ATED. 
(on March | «a delegation of our members attended the presenta 
tion of the charter nnd peony of ofheers of the newly 
astern North Carolina Chapter of AITh in Kaleigh 

Qhur chapter is continuing to strive for a more diversified pro 
gram of speakers and activities to increase our membership from 
approximately 70 members and gain a greater representation of 


the many industries located in this area. 
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